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FOREWORD 


This document consolidates into a single publication, a description 
of the extensive efforts put forth by NASA, including inputs from both 
NOAA and DOD, to develop the various models and plans for in-situ measurements 
required to calibrate and evaluate the altitude and sea state measurement 
capabilities of the GEOS-C Radar Altimeter. 

The stated objective of this document is to provide a broad, in-depth 
description of the planned GEOS-C Ground Truth Program Plan developed for 
the purpose of calibration and evaluation of the Radar Altimeter. 

It is readily apparent upon examination of the document that coverage 
in some areas is much more extensive and detailed than in other areas. The 
merits of the publication, hcwever, should be judged on a qualitative basis, 
rather than on the sheer bulk of material found in some sections as opposed 
to the limited amount of information in other sections. 
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1.0 INTRODUCTION 


The term "ground truth" originated In the field of aerial photography, an$ 
if applied strictly, means direct "iu situ" data taken for verification of re- 
mote measurements. For satellite applications, the definition has been extended 
to encompass all reference data (including remote sensing by aircraft and, in 
some cases, even other statellites) . With regard to Geodynamics Experimental 
Ocean Satellite (GEOS-C) ground truth,, this will include all ocean surface fea- 
tures and atmospheric parameters which must be addressed to both calibrate the 
altitude measurements and to verify the sea state measurement capability of the 
Radar Altimeter. These features Include the marine geoid, pelagic tides, solid 
earth tides, geostrophic heights of ocean currents, atmospheric loading, sea 
water density variation, tropospheric refraction, combined sea state, and syn- 
optic weather. Some of these features can be mathematically modeled in advance, 
while others require measurements to be taken at the same time and the same geo- 
graphic position as the satellite altimeter measurements. 

1.1 PHILOSOPHY OF EFFORT . 

The Ground Truth Effort for GEOS-C is directed towards: (a) providing the 

Altimeter Experiment Manager with a Ground Truth Calibration Data Package (CDP); 
and (b) providing the various Principal Investigators with a Ground Truth Inves- 
tigator Package (IDP). It is also the intent of this effort to provide a Data 
Source Catalog (DSC) to describe, and serve as a contact point for, other ground 
truth data not necessarily contained in the CDP and/or IDP which may be of in- 
terest to GEOS-C Principal Investigators. . 

The primary purpose of the Calibration Data Package (CDP) is to compile 
all Ground Truth data considered to be necessary for the calibration of the 
Radar Altimeter. The basic intent, therefore, is to consolidate, into a single 
comprehensive data package, all of the information to be used in calibrating 
the sea state measuring capability of the altimeter as well as measuring poten- 
tial range bias caused by sea state. More detailed information regarding the 
CDP is contained in Section 4 of this document. 
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The IDF makes available to the Principal Investigators all Ground Truth 
data collected and processed during the Phase B calibration effort as well as 
any secondary information of possible Interest which may have been gathered 
during the course of these operations or that has been received from other 
data sources. It is emphasized that the GEOS-C project is not obligated 
to process all collected data nor is it committed to making further inves- 
tigative efforts on behalf of the Principal Investigators to obtain data not 
presently available, or which may still not be available after the completion 
of the calibration efforts. 

The Data Source Catalog (DSC) is intended to give a description of the vari- 
ous data sources for other ground truth information, not necessarily included in 
the CDP or IDP, which may be of interest to GEOS-C Principal Investigators. Since 
the GEOS-C project itself cannot adequately judge all scientific fields associ- 
ated with GEOS-C,' It was decided that the inclusion of a Data Source Catalog would 
perhaps at least give an investigator a head start in researching allied and re- 
lated information germane to the Ground Truth effort or his own particular area 
of concern. 

The ground truth effort will consist of both initial calibration and con- 
tinuing spot check calibration. The initial calibration will be accomplished 
within the scheduled Phase B operational period following stabilization. During 
this time period a concentrated effort will be made to obtain the complete spec- 
trum of sea states up to 30 feet ( 8 ^/ 3 ^ * T ^ e Bpot c ^ ec ^ calibration is presently 
planned to be once per month for the following nine months and will be supported 
with ground truth missions. 

The overall ground truth effort is being directed towards two broad cate- 
gories of sea surface topography - short wavelength features and long wavelength 
features. The long wavelength features include the geoid, pelagic tides, solid 
earth tides, atmospheric loading effects, sea water density variations, and geo- 
strophic heights associated with ocean currents. The short wavelength features 
include sea and swell and are usually referred to as combined sea state. 
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Real-time ground truth for GEOS-C will concentrate on short wave length fea- 
tured and synoptic weather data since most of the long wave length features in- 
volve mathematical modeling efforts and thus do not require real-time monitoring. 

Figure 1-1 presents a top-level flow diagram of the entire Ground Truth 
Data Handling system used at NASA’s Wallops Flight Center facilities. 

1.2 SCOPE . 

This document consolidates, under one cover, the various planning informa- 
tion, including inputs from both DOD and NOAA, needed to verify the altitude 
and sea state measurements taken by the GEOS-C program radar altimeter. Methods, 
procedures, and forms for gathering and evaluating the various types of required 
ground truth data acquired from diverse sources such as aircraft, environmental 
buoys. Coast Guard stations. Ocean station vessels, etc. are provided in this 
document. Voluminous descriptive material, thoroughly supported by back-up data 
supplied by tabular material, charts, diagrams, maps, overlays, computer print- 
outs, etc., has been provided for this purpose in Sections 2 through 8, Appen- 
dices A through D, and the remainder of this section. 

In addition to the introductory statements and the Ground Truth data flow 
diagram presented in Figure 1-1, Section 1 gives a complete description and top- 
level breakdown of the project organization as well as the responsibilities of 
key personnel within the project; organizational structure is broken down both 
by agency and by personnel positions. 

Section 2.1 introduces the GEOS-C program and provides the reader with a 
brief synopsis of its structure and planned functions. The GEOS-C Mission Pro- 
file is described in some detail, including each of its four operational phases 
(for the purposes of this document, primary emphasis is placed on Phase B) 

Section 2.2 furnishes details on the scheduling effort entailed for the GEOS-C 
altimeter calibration mission. This section also briefly delineates the sets 
of data (e.g., altimeter, SSE, C-band radar, laser, doppler, ground 
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truth, etc.) to be collected during the lG- revolution calibration effort, and 
the procedures to be followed after collection of these data. Much of the in- 
formation contained in this section was extracted from the GEOS-C Mission Plan, 
prepared by the GEOS-C project group at Wallops Flight Center in May 1974; it 
is suggested, therefore, that the reader familiarize himself with that do* ament 
since it provides a much more detailed and comprehensive description of the 
overall program. 

Ground truth parameters applicable to GEOS-C altimetry are presented in 
Section 3. For purposes of this document, the parameters were divided into the 
following major categories: 

a. Long Wavelength Features (e.g., geoid, pelagic tides, solid earth 
tides, atmospheric pressure loading, ocean current geostrophic 
heights, etc.) 

b. Short Wavelength Features (combined sea state) 

c. Synoptic Weather Data Applicable to Tropospheric Refraction Cor-, 
rections (atmospheric pressure, temperature, relative humidity) 

d. Other Weather Data (cloud cover, wind fields, precipitation, etc.). 

A brief description of each parameter is provided (e.g., parameter definition, 
program use, applicable mathematical models, etc.). 

Section 4 supplies detailed information pertaining to the Calibration Data 
Package (CDP) , which is a compilation of Ground Truth Data considered necessary 
for the calibration of the Radar Altimeter. Other supporting and miscellaneous 
data provided include: several mathematical models used in calculating certain 

long wavelength data parameters (e.g., geoid, palagic tides, etc.); an explana- 
tion of Satellite Meteorological Group (SMG) calibration products; samples of 
a typical SMG ground truth data set (e.g., related meteorological charts and 
analyses, satellite photographs, etc.); and descriptive material describing the 
contents and purpose of the CDP. 
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Section 5 contains general information pertaining to the Investigator Data 
Package (IDP) Including its purpose and its contents. A listing is provided of 
the various types of Information (e.g., unprocessed Nanosecond Radar and Laser 
Profilorneter data and elements of the Calibration Data Package) available to 
the Principal Investigators within the package. 

Ground truth operations are covered principally In Section 6, which includes 
discussions on the various operations involved in gathering and measuring observ- 
able data for the calibration effort. Prime emphasis is placed on aircraft oper- 
ations since aircraft are considered to be the most feasible means for collecting 
Ground Truth date for the calibration effort. A brief description of three gen- 
eral flight profiles is included plus a top level delineation of specific in- 
flight instrumentation requirements (e.g., Nanosecond Radar, Laser Profilorneter 
Inertial Navigation System) . 

Section 7 provides short functional briefs, supported by functional diagrams, 
of G— 54 Instrumentation to be used in Ground Truth data acquisition for he 
GEOS-C Radar Altimeter calibration program. The discussion covers the prime sen- 
sors (i.e.. Nanosecond Radar and Laser Profilorneter) plus other assorted instru- 
mentation such as the Inertial Navigation System, radiometers, refractometer, 
and the like. 

Section 8 contains the Data Source Catalog which describes the various data 
sources for Ground Truth information not necessarily included in either the CDP 
or IDP. Included In this section are the following: 

• A comprehensive list of data sources for various data products which 
may be of benefit to Principal Investigators. 

• A description of the content and availability of specific data prod- 
ucts included In the Data Source List. 

• A bibliography which lists all reference material used in the com- 
pilation of this document or which is related to the subject matter 
presented herein. 
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This section also presents samples of various satellite products (e.g., satellite 
photographs) as wall as examples of analogous activities/experiments (e.g., NOAA 
Fleet Sailing Schedules and major oceanographic experiments conducted on a wor ld- 
wide basis) . 

Appendices A through D contain supporting and supplemental data necessary 
to gain a complete understanding of the material contained in Sections 2 through 
8 plus any other documentation deemed to be of interest to the reader and which 
may not be included in the basic document. Following is a brief highlight of 
each appendix. 

Appendix A - Appendix A is a "personal correspondence" technical note pre- 
pared by Dr. Davidson Chen which explains the theory and equations Involved in 
geos trophic height calculations as well as typical expected heights calculated 
from nominal Gulf Stream data. 

Appendix B - Appendix B contains excerpts from the refraction studies per- 
formed at Wallops Flight Center. Included are comparisons of various mathemat- 
ical refraction correction models as well as an analysis of the magnitude of the 
errors which can be introduced by utilizing monthly surface meteorological data 
as inputs. 

Appendix C — Operational and performance data pertaining to the G-54G air- 
craft assigned to Wallops are contained in this appendix. While not all of this 
information may be completely relevant (except as general background material) , 
certain portions are of very much interest to the data gatherer - in particular 
the endurance of the aircraft, its speed and cruising range (e.g., coverage 
area radius), location and type of instrumentation carried, amount of available 
working space, etc. 

Appendix D - Appendix D presents samples and coding requirements for the 
following synoptic weather observation forms: (a) NOAA Form 72-1, Ship's 

Weather Observations; (b) NOAA Form 72-5a, Marine Coastal Weather Log - Ship 
Station; and (c) NOAA Form 72-5b, Marine Coastal Weather Log - Coastal Station. 
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1.3 ORGANIZATION AMD RESPONSIBILITY . 


1.3.1 GENERAL . The GEOS-C spacecraft Is intended to service principal investi- 
gators and scientific observers around the world. To accomplish this the organi- 
sation of participants must form a cooperative balance between observers, 
investigators, and the operational, functional servicing of the spacecraft. 
Management responsibilities and procedures are in accordance with NMI 7120.1 
dated 4 May 1970, entitled "Approval and Implementation of Office of Space 
Science and Applications Research and Development Projects". 

1.3.2 ORGANIZATION RESPONSIBILITIES. 


a. NASA Headquarters - The Associate Administrator of the Office of 
Applications is responsible for the overall direction and evalua- 
tion of the GEOS-C Program. The Special Programs Directorate is 
rasponsible for fulfilling this obligation. 

b. Wallops Flight Center - Wallops Flight Center is responsible for 
directly managing the GEOS-C Project. Additionally, Wallops Flight 
Center has systems responsibility for the. spacecraft and subsystems 
responsibility for the Radar Altimeter and C-Band experiments. 

c. Goddard Space Plight Center - GSFC is responsible for the systems 
management of the Mission Operations and Launch Vehicle System and 
subsystem management of the S-Band and Laser experiments. Addi- 
tionally, GSFC is responsible for supplying technical consultation 
for the Laser Retroreflectors and provision of the S-Band 
Transponder. 

d. The Applied Physics Laboratory (APL) , Johns Ropkins University - 

The APL is responsible for: spacecraft design, fabrication, and 

assembly; provision of the Doppler, Laser Retroref lector , and 
Altimeter experiment subsystems, integration of all experiments 
and spacecraft instrumentation; testing on spacecraft/launch 
vehicle interfaces; preparation of the spacecraft for launch; 
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systems functional evaluation during the launch and engineering 
evaluation phase; and for consultation services during the re- 
mainder of the mission. 

e. The Naval Weapons Laboratory (NWL) - The NWL is responsible for the 
subsystem management of the Doppler System. 

1,3.3 PROJECT PERSONNEL AND RESPONSIBILITIES . 

Program Manager - Mr. Dick S. Diller of the Office of Applications Special 
Programs Directorate, NASA Headquarters, is responsible for the overall direction 
to Wallops Flight Center as it pertains to GEOS-C. 

Program Scientist - Mr. James P. Murphy of the Office of Applications Spe- 
cial Programs Directorate, NASA Headquarters, is responsible to the Program Man- 
ager for all scientific aspects of the mission. This responsibility includes 
(a) overseeing the definition and accomplishment of project science objectives 
and mission requirements, (b) evaluating proposals for data analysis, (c) devel- 
oping data management plans, (d) the overall coordination between the GEOS-C 
program and the scientific community, and (e) assisting in the assembly and pub- 
lication of scientific results in the project report. 

Project Manager - Mr. Laurence C. Rossi of the Operations Directorate, 
Wallops Flight Center, is responsible for ensuring that the project is properly 
planned and executed so as to meet mission objectives with proper regard to cost 
and schedule. He is the focal point of all activity in support of the project 
and is responsible for its organization and direction. He reviews actions which 
interface with other centers and organisations. His specific duties are to en- 
sure adequate project planning and evaluation for the systems engineering, sys- 
tems integration, and scheduling efforts; to establish adequate budget and fiscal 
planning; and to ensure adequate project reporting. 

Project Scientist - Mr. H. Ray Stanley of the Applied Science Directorate, 
Wallops Flight Center, is responsible for assuring coordination between and sat- 
isfactory accomplishment of the scientific objectives of the mission and its in- 
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dividual experiments. He reviews experiment operations plans and data acquisition 
and processing requirements to ensure that the total mission plan is consistent 
xdLth the overall scientific objectives. He provides leadership in assuring that 
experiment data are effectively collected, distributed, and utilized and that 
scientific results of the mission are expeditiously produced. He evaluates all 
scientific requirements placed on the project and provides scientific guidance to 
the Project Manager and other project participants. 

Remote Sensing Aircraft Manager - Mr. Roger L. Navarro of the Operations 
Directorate, Wallops Flight Center, is responsible for implementing the GEUS-C 
Project Radar Altimeter calibration area aircraft ground truth requirements as 
defined in the Aircraft Flight Support Plan for this effort. 

Ground Truth Support Manager - LCDR Lowell R. Goodman of the NOAA 
Corps, on loan to Wallops Flight Center, is responsible for coordination 
of all GEOS-C ground truth project efforts. He will coordinate the 
ground truth efforts of NASA, DOD, and NOAA to produce the data required 
by the Project Scientist for Radar Altimeter calibration/evaluation. 

GEOS-C Project Engineer - Mr. Dempsey B. Bruton, Jr., is responsible, 
for implementing the aircraft support necessary for the ground truth 
activities described. He will also be responsible for disseminating 

raw and preprocessed ground truth data acquired by the WFC aircraft in 

% 

response to direction from the Ground Truth Support Manager as defined in 
the GEOS-C Project Range Operations Directive. 

GEOS-C Ground Truth Aircraft Instrumentation Manager - Mr , Robert A. Mennella 
of the Advanced Space Sensing Applications Branch, Naval Research Laboratory, is 
responsible for the installation and calibration of all Ground Truth Aircraft 
Instrumentation. He is also responsible for coordinating the operation of the 
instrumentation during the various flight profiles. 

Experiment Managers - The activity associated with each of the experiments 
flown aboard the GEOS-C spacecraft is under the responsiblity of Experiment 
Managers from NASA, Wallops Flight Center; NASA, Goddard Space Flight Center; 
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and the DOD, Naval Weapons Laboratory. These individuals are actively involved 
in the day-to-day activities necessary to support the hardware and software as- 
pects of the GEOS-C experiments, both prior to launch and throughout the GEOS-C 
Mission lifetime. In this regard, therefore, they are responsible for assuring 
that their respective experiment hardware meets the performance parameters neces- 
sary to support mission objectives; maintaining a compatible interface with the 
spacecraft bus during the design, development, and test phases; scheduling ex- 
periment conduct during the mission; and collecting, preprocessing, and distrib- 
uting data to the approved investigators. Each Experiment Manager will be 
assisted by the necessary technical and analytical personnel required in order 
for him to accomplish the above responsibilities. 

NASA/WFC has Project responsibility for both the Radar Altimeter and C-Band 
experiment aboard the GEOS-C spacecraft. Cognizant personnel are identified 
below. 

Radar Altimeter Experiment Manager - Mr. Craig L. Purdy of the Engineering 
Directorate, Wallops Flight Center, is responsible for all activities associated 
with the GEOS-C Radar Altimeter Experiment. This will include: (a) the devel- 

opment of the altimeter hardware specifications; (b) technical direction of the 
Applied Physics Laboratory in their efforts to contractually obtain the Radar 
Altimeter; (c) the development of operational experiment schedules in accordance 
with approved principal investigator data needs; (d) data collection; (e) data 
preprocessing; (f) Radar Altimeter calibration; (g) data distribution; and 
(h) status reporting. 

Assisting Mr. Purdy in accomplishing the above tasks will be the following 
individuals : 

Altimeter Hardware Technical Consultant - Mr. W. F. Townsend of the Applied 
Science Directorate, Wallops Flight Center. 

Altimeter Data Manager - Mr. C. D. Leitao of the Information Processing and 
Analysis Branch, Wallops Flight Center. 
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C-Band Experiment Manager - Mr. E. B. Jackson of the Operations Directorate, 
Wallops Flight Center; he is responsible for the overall direction of the C-Band 
Experiment. 

Assisting Mr. Jackson will be the following individuals: 

C-Band Hardware Technical Consultant - Mr. A. R. Selser of the Engineering 
Directorate, Wallops Flight Center. 

C-Band Data Manager - Mr. W. B. Krabill of the Applied Science Directorate, 
Wallops Flight Center. 

t 

Others - All of the other GEOS-C project personnel, including the principal 
investigators, are identified ir. the GEOS-C Mission Plan, Section II, entitled, 
"Organization and Directory". 
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2.0 GEODYNAMICS EXPERIMENTAL OCEAN SATELLITE (GEOS-C) 


2.1 GEOS-C MISSION PROFILE . 

The GEOS-C Mission is divided into two distinct phases: Phase I, covering 

all activities from launch through one year of Experiment data collection; and 
Phase II, covering those activities after Phase I through the remainder of the 
Mission lifetime. Phase II activities cannot be detailed at this time and will 
not he described further. 

The GEOS-C Mission - Phase I can be subdivided into several sub-phases 
according to the extent of experiment data collection, the type of data being 
collected, and various other operational and physical constraints. These sub- 
phases along with the dominant activity are as follows: 


SUB-PHASES 

TIME PERIOD 
(Days after Launch) 

DOMINANT ACTIVITY 

Phase A 

0-15 

Launch and Operational 
Assessment 

Phase B 

16-71 

Experiment Systems 
Calibration and 
Evaluation 

Phase C 

72-112 

Global Activities 

Phase D 

113- * 

Unique Experiments and 
Localized Grid Act- 
ivity 


Many activities associated with the overall GEOS-C Mission cannot be divided 
into these distinct time periods; i.e. they extend over the entire Phase I time 


* Presently under study. Planned mission lifetime is one year minimum. However, 
considerations such as the rephasing of activities and extended DOB require- 
ments may necessitate extending the mission lifetime as much as three to four 
months . 
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.period. However, the extent of intensity of many activities will be modulated 
according to the various sub-phases and many dominant activities can be identified. 
Therefore, the following sections will attempt to discuss in detail all of the 
activities associated with each of the sub-phases as well as provide some estimate 
of the level of these activities and describe the criteria controlling the 
transition between phases. 

2.1.1 PHASE A - LAUNCH AND OPERATIONS ASSESSMENT . This sub-phase begins with 
launch and extends over a period of approximately 15 days in which the following 
activities occur: 

a. Launch 

b. Orbit injection 

c. Early orbit determination and refinement 

d. Gravity gradient capture and damping 

e. Momentum wheel turn on 

f. Yaw capture and stabilization damping 

g. Spacecraft functional and electrical checkout 

h. Operational Assessment of experiment systems 

It is not planned to distribute any radar altimeter data collected during 
Phase A to Principal Investigators. 

2.1.2 PHASE B - EXPERIMENT SYSTEMS CALIBRATION AMD EVALUATION . It is expected 
that Phase B will begin about 15 days after launch and continue for about two 
months. It is expected that the bulk of the data collected during this period 
will be useful for investigation purposes. However, data distribution during 
this period will be slower than normal due to the more detailed analyses required 
to calibrate all experiment systems and to validate all data processes. 

Major activities associated with this phase inriude the following: 

a. Altimeter Experiment Systems Calibration, activities (including ground 
truth) in the North Atlantic Calibration area on a schedule of 3 days 
on, 2 days off, 3 days on, one day off for a total of 40 attempts 
during Phase B. 
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b. Satellite- to-satellite experiment (SSE) systems calibration activities 
in the North Atlantic Calibration area on the same schedule as 

for the altimeter calibration activity for a total of 26 attempts. 

c. Altimeter experiment systems operation globally (within the real- 
time ground telemetering (TM) station coverage areas) on those 
days not utilized for altimeter calibration activities. 

d. Ground tracking system (laser, C-Band, and doppler) data collection 
activities on a global basis to the maximum extent possible com- 
mensurate with power budget, other systems calibration activities, 
and investigator needs. 

Further details concerning the calibration activities are given below. 

The area of calibration operation will be primarily in the North Atlantic 
with emphasis on the area bounded by the quadrangle of tracking station location 
at Wallops Island, Bermuda, Grand Turk, and Merritt Island. Each of these 
reference stations (except Merritt Island which will have no laser) will have 
ground station tracking capability consisting of at least one C-Band radar, a 
laser and a geoceiver doppler instrumentation. A typical day of calibration 
data acquisition will consist of the fallowing: 

a. Altimetry Data . Altimetry data will be scheduled over those portions 
of ten consecutive orbits that cross the North Atlantic Ocean. The 
key orbits are the third and ninth. The ten orbit set will be 
selected in which the third orbit intersects the Wallops Island to 
Bermuda baseline in a north-south going direction (see Figure 2-1) . 
Orbit 9, then, will cross orbit 3 within or near the quadrangle of 

s tations , 

b. SSE Data . SSE data will typically be scheduled on orbits 3 and 2 
or 4 and orbits 9 and 8 or 10 of the ten orbits described above. 
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Figure 2-1. Typical Systems Calibration Arcs 


• • 



SSE data will be scheduled not only over the North Atlantic hut for 
the entire duration of mutual visibility between the ATS-F and 
GEOS-C satellites for the four orbits selected. 

c. C-Band, Doppler. Laser Data . These data will be scheduled on a 
global basis to provide precise orbit determination capability for 
the aforementioned ten orbits. Data spans over the North Atlantic 
will be emphasized with particular emphasis on tracking at the four 
stations of the quadrangle. 

d. Ground Truth Data . Ground truth data will be collected to support 
definition of sea conditions primarily within the area bounded by 
the four-station quadrangle. Data, supplied from a Spaceflight 
Meteorology Group (SMG) overlay, are collected from sources such 
as aircraft (Nanosecond Radar, Laser Profilometer , etc.), environ- 
mental buoys, ocean station vessels, lighthouses, etc. Sea condi- 
tion measurements are made (e.g., wave and swell height and period) 
by coastal stations, ocean station vessels, etc., within the prime 
calibration area and its periphery. 

2.1.3 PHASE C ~ GLOBAL ACTIVITIES . Phase C activities will be conducted during 
the time in which the ATS-F is being maneuvered from the Western to the Eastern 
Hemisphere, and will require only very limited Ground Truth support. 

2.1.4 PHASE D - UNIQUE EXPERIMENTS AND LOCALIZED GRID ACTIVITIES . Phase D 
activities will begin at the time when activities associated with the ATS-F have 
been completed, and will continue through the remainder of the Mission lifetime. 
During the latter part of this phase, the S-Band ground tracking network stations 
should all be modified compatible with GEOS-C instrumentation and will assume a 
more active role. A typical day during this time period will consist of: 

a. Ground Tracking Systems (laser, C-Band and doppler) data collection 
activities to the maximum extent possible on a global basis com- 
mensurate with power budget, altimeter experiment operations, and 
Principal Investigator needs. 


2-5 


b. Altimeter experiment data collection activities commensurate with 
power budget, investigator needs, and within the constraints of the 
Ground TM Station coverage areas „ 

In addition to Phase D activities, intermittent calibration and evaluation 
activities will be conducted at a nominal rate of once per month; i.e., the 
"typical day of calibration data acquisition" described in Phase B will be 
conducted at the rate of one day per month. 

2,2 RADAR ALTIMETER CALIBRATION . 

2,2.1 CALIBRATION SCHEDULE . The schedule for performance of GEOS-C altimeter 
calibration missions is based upon the expected need for calibration, and avail- 
able opportunities for calibration. Broadly, an opportunity for calibration may 
be considered as a satellite pass with the ground track over any portion of the 
calibration area. Based on the planned orbital elements, such passes may normally 
be expected to occur for three successive days, followed by 1 or 2 days of no 
passes. During the three days, passes such as those shown in Figure 2-2 will 
occur. This network of passes will repeat during other three-day periods, with 
some shifting of the network in longitude. 

It can be noted, in Figure 2-2, that there are a number of crossing points 
among the arcs. In particular, each North-South pass is crossed approximately 
10 hours later by a South-North pass at a latitude of approximately 32.5°N. Each 
South-North pass is also crossed approximately 14 hours later by a North-South 
pass at approximately 29 °N latitude. Other crossings occur at other latitudes 
and at different separations in time. If geold height errors in the calibration 
area are considered to be significant at the time of the altimeter calibration, 
these crossing points can be used as a part of altimeter stability verification. 

In addition to crossing arcs. Figure 2-2 also shows one pass which should 
meet the criteria for a high elevation pass for both Bermuda and Grand Turk. 

There is only one such pass in the three-day set and, in general, no more than 
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Figure 2-2. Typical Set of Calibration Area Passes 
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one high elevation pass per three days is expected for an island station. 

However, any high elevation North-South pass over Bermuda will also he a high 
elevation pass over Grand Turk and, depending upon the exact orbital period 
achieved, any South-North high elevation pass over Bermuda may he preceded two 
days earlier by a high elevation pass over Grand Turk. 

Based on the expected need for calibration, the altimeter calibration will 
be divided into two phases. There are the intensive calibration phase (Phase B) 
at the beginning of the mission, and the calibration/verification phase (Phase D) 
which will be needed to identify long period changes in altimeter characteristics. 
Both the intensive calibration efforts and the calibration/verification efforts 
require extensive Ground Truth support. These calibration activities are dis- 
cussed further in the following paragraphs . 

2. 2. 1.1 Intensive Altimeter Calibration (Phase B) . The calibrations performed 
during this sub-phase will begin approximately 15 days after launch, and will be 
a part of the overall GEOS-C system's calibration and evaluation. Initially, an 
altimeter calibration is planned for each passage of the satellite through the 
calibration area. This means at least six calibrations each 5 days. Depending 
upon the pass geometry, three different modes of data reduction are planned. 

These are as follows: 

a. Multi-Station Calibration - For a general pass through (for example, 
the middle of the calibration area) , tracking data from the fouf 
primary calibration sites will be processed, along with the alti- 
meter data during this period, to determine a best value of the 
altimeter range bias for this pass. 

b. High Elevation Pass Calibration - For those passes which have a high 
maximum elevation (>80°) for one (or more) of the island stations, 
data from this single tracking station will be reduced using the 
same data reduction and bias estimation procedure as for the Multi- 
Station calibration. Assuming a well calibrated tracking instrument 


2-8 



(such as a C-Band radar calibrated by a collocated laser) on the 
island, this procedure should produce an accuracy close to that of 
the altimeter range accuracy, and should be superior to the Multi- 
Station calibration due to the reduced effects of geoid height 
error. 

c. Stability Verification - As noted above, there are crossing arcs 
during a three-day calibration period at latitudes of approximately 
32,5°N and 29 °N, separated in time by approximately 10 hours and 
14 hours, respectively. Very short arc bias estimations using the 
two segments of data around a crossing arc point should produce 
bias estimates which are affected almost exactly the same by various 
systematic errors, including geoid height error, station position 
errors, and ground tracker biases. Comparison of altimeter bias 
estimates obtained in this way should be a more sensitive test of 
altimeter stability than comparisons of absolute bias as estimated 
by Methods a and b above. This sensitivity is, of course, strongly 
dependent on the stability of systematic errors in the ground 
trackers used. At the beginning of the calibration period, 
stability verifications for the 32.5°N crossing arc points are 
planned for each set within the calibration area, with selected 
verifications also for the 29°N crossing points. This set of 
stability tests will continue throughout the entire Phase B period, 
and intermittently for as long thereafter as the results warrant. 

2. 2. 1.2 Operational Altimeter Calibration (Phase D) . Plans are to continue the 
Intensive altimeter calibration portion of Phase D until the operational charac- 
teristics of the altimeter have been determined. It is expected that the in- 
strument will prove sufficiently accurate and stable such that the use of the 
pre- and post-mission on-board c. i 'ation data, along with the absolute calibra- 
tions from the Phase B calibrations, will result in the altimeter height meas- 
urement accuracy at least as good as a new calibration using any of the above 
methods. That is, assuming altimeter performance as expected, the best calibra- 
tion of the altimeter height measurement is obtained from the set of calibration 
missions previously performed. 
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After the Phase B calibrations, and with expected altimeter performance, the 
number of calibrations will be rapidly reduced to a level of approximately two 
(one crossing arc pair) per month in order to monitor any long period changes in 
the altimeter characteristics. 

2.2.2 CALIBRATION/EVALUATION DATA SET . The set of data to be collected during 
the ten-revolution calibration operations should be as follows: 

a. Altimeter data during the Atlantic Ocean portion of all ten 
revolutions as shown in Figure 2-3. 

b. SSE data on the Atlantic Ocean portion of Revolutions 2-3 and 8-9 
as shown in Figure 2-3. (The SSE data will be especially useful 
during Revolutions 3 and 9 which pass through the calibration area. 
Revolutions 2 and 8 are included to strengthen the orbital solu- 
tion since successive tracks for the SSE appear to produce maximum 
results . ) 

c. C-Band radar data on each revolution visible from all supporting 
stations in the calibration region as well as (for certain periods 
of time) C-Band radar data from the VANGUARD ship stationed at the 
crossing point of Revolutions 3 and 9. 

d. Laser data on each revolution visible from all stations in the 
calibration region, 

e. Doppler, USB, C-Band radar, and laser data to the maximum extent pos- 
sible during all portions of all revolutions (1 through 10 as shown in 
Figure 2-3) . 

f. Extensive Ground Truth information (primarily for the Calibration Data 
Package) taken by the NASA NFC C-54 aircraft as well as information 
from ships and other aircraft of opportunity anywhere within the 
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TYPICAL SYSTEMS CALIBRATION ARCS 
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Figure 2-3. Radar Altimeter Sub-Satellite Tracks 
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altimeter data area with first priority being the crossing point of 
Revolutions 3 and 9, second priority being any of the other 3 crossing 
points, and third priority being anywhere within the general area. 

Data from sources listed in items a, c, d, and f of the preceding paragraph 
will be required at Wallops in near real time in order to evaluate progress, 
check spacecraft health, and to enable quick turnaround. Quick turnaround is 
required to allow termination of the 12-hour effort if minimum conditions are 
not met and to allow early relaxation of the extensive effort planned during the 
initial months of the GEOS-C Mission. (Normal data retrieval methods will be by 
mailing magnetic tapes to a central processing facility which requires several 
months for preprocessing, quality control analysis, reformatting, and distribu- 
tion to users which would preclude accomplishment of the altimeter calibration.) 
As new data arrives at Wallops through normal channels, it will be used to check 
and refine prior results. 

For further details on the GEOS-C program, refer to the GEOS-C Mission Plan, 
TK 6340-001. 
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3.0 GROUND TRUTH PARAMETERS APPLICABLE TO GEOS-C ALTIMETRY 


3.3. GENERAL . 

All ground truth parameters considered applicable to the calibration/ 
evaluation of the GEOS-C Radar Altimeter are presented in this section. These 
parameters are divided into the following major categories: 

a. Long Wavelength Features - The geoid, pelagic tides, solid earth tides, 
ocean current geostrophic heights, atmospheric pressure loading, sea 
water density effects, etc. 

b. Short Wavelength Features - Combined sea state (sea and swell) 

c. Synoptic Weather Data Applicable to Tropospheric Refraction Corrections 
Atmospheric pressure, temperature, and relative humidity 

d. Other Weather Data - Cloud cover, wind fields, precipitation, etc. 

3.2 LONG WAVELENGTH FEATURES . 

3.2.1 GEOID . The geoid is defined to be that equipotential of attraction and 
rotation which most nearly corresponds to mean sea level. Mean sea level will 
differ from the geoid by a few meters due to dynamic ocean effects related to 
currents, etc. Additionally, instantaneous sea level will differ from mean 
sea level due to time variable factors such as tides, barometric pressure 
variations, etc. Information exists, as indicated elsewhere in this document, 
to provide first order estimates of the effects of currents, tides, pressure 
variations, etc. Thus, in the calibration area, a geoid, as modified by the 
oceanographic effects, gives an estimate of the instantaneous sea level geometry 
for comparison with the altimeter output. This comparison will provide a means 
of evaluating the accuracy of the altimeter in measuring the geometry of the 
ocean surface. 

At present, the ocean geoid can only be derived by computations using ob- 
served gravity data. The best available gravity geoids are, at present, 
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computed by combining available surface gravity data to define the shorter wave- 
length (0.1° to 10° wavelength) geoid undulation variations and satellite gravity 
data in order to define the longer wavelength geoid variations. In principle, 
gravimetric geoids can be absolute geoids; i.e., the geoid heights in conjunction 
with the geometry of the reference ellipsoid ban provide true values of geocen- 
tric radial distance to the geoid, However, at present, some parameters are 
uncertain so that, in addition to random errors, gravimetric geoids can contain 
a constant error. In order to identify and remove this constant error, geo- 
centric station positions derived from satellite tracking are used. 

The geoids to be provided in the ground truth package will be computed using 
the best available surface and satellite gravity data and will be adjusted to 
remove constant error using high accuracy geocentric tracking station positions 
computed in the calibration area. 

3.2.2 PELAGIC TIDES . Deep Ocean Tides are being handled with mathematical 
models for altimeter purposes. The Hendershott model Is being used in A/OMEGA II 
(the global altimeter data reduction program) . The NOAA/Mof jeld model is incor- 
porated in the data reduction program for the calibration zone. (Detailed de- 
scriptions of both models follow in Section 4.) 

3.2.3 SOLID EARTH TIDES . Calculations indicate that earth tides could also be 
and error source for the range measurements. Due to their ' relatively small con- 
tributions In relation to other potential errors, no model has been developed fox* 
the altimeter data reduction programs. However, space is provided in the programs 
for a height correction for earth tides. 

3.2.4 OCEAN CURRENTS . The only major current system within the prime calibra- 
tion zone Is the Gulf Stream. It is planned, therefore, to calibrate the radar 
altimeter using data collected outside the area affected by the Stream In order 
to avoid potential errors caused by geostrophic heights associated with current 


flow.* The Stream will be avoided for calibration by utilizing routinely 
available data on Gulf Stream meander ings such as the NOAA publication "Gulf 
Stream" 16S72-GS and the U-S. Coast Guard Oceanographic Unit Airborne Radia- 
tion Thermometer Analysis.** 

This should not be construed to mean that altimeter data will not be 
taken over the Stream - but simply that it is considered an error source and 
is being avoided for calibration. 

3.2.5 ATMOSPhSRIC PRESSURE LOAD IMG EFFECTS . Residuals from the reduction of 
recent deep sea tide gage data have indicated that the effect of atmospheric 
pressure loading could be on the order of 10 centimeters. Since this phenomena 
has not been adequately modeled to date, no corrections for these effects will 
be applied to the altimeter data. However, space has been provided in the data 
reduction program format for a height correction for atmospheric loading in the 
event of more data becoming available. 

3.2.6 SEAWATER DENSITY VARIATIONS . Variations in sea water density, caused by 
changes in water temperature and salinity, will cause a change in the equilib- 
rium sea surface height proportional to the integral of the density variation 
over the water column. Estimates indicate that a seasonal variation of up to 
20 centimeters is plausible. Since the rate of change is considered to be slow 
(seasonal), no effort will be made to correct for these effects during calibra- 
tion. Again, however, space is provided in the program for potential future 
corrections. 

3.3 SHORT WAVE LENGTH FEATURES . 

The effects of ocean surface roughness in altimeter measurement capability 
are to: (a) spread the leading edge of the return signal; (b) alter the 


* Included as Appendix A is a personal correspondence technical note by 
Dr. Davidson Chen which explains the theory and equations involved in 
geostrophic height calculations as well as typical expected heights 
calculated from nominal Gulf Stream data. 

** See Section 8.0, Figure 8-1. 
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automated gain control (AGC) ; (c) introduce systematic errors, or biases, into 
the measurement process; and <d) increase tracking time-jitter due to concomi- 
tant changes in signal level and effective lengths of the received pulse. 

Altimetric bias errors, which are a function of ocean surface roughness, 
may he grouped into two categories. In the first category, a wave height- 
dependent bias error occurs even if the radar-sensed wave height probability 
density function (PDF) is strictly Gaussian. This bias arises due to the small 
changes of the plateau gate signal level with variations in surface roughness 
and antenna pointing. This effect is considered to be quite small; calculated 
values are shown in Figure 3-1 for the tracking gate configuration used in the 
GEOS-C system. In order to develop models for these effects, it will be neces- 
sary to collect detailed information on ocean surface conditions. Thus, a fam- 
ily of sea state calibration curves must be created for calibration of the 
Intensive Mode sea state measuring capability as well as for calibration of any 
potential range bias resulting form sea state. 


3.3.1 DATA COLLECTION . Initially, the data for these curves were to be de- 
rived only from aircraft (nanosecond radar and laser profilometer) data. How- 
ever, considering the range of sea states to be calibrated (up to 10 meters 
H^ 3 ), the limited aircraft time available (approximately 300 hours), and the 
probabilities of obtaining the high sea states within range of the aircraft, 
it was decided to add to the sea state calibration data set by incorporating 
sea state information derived from meteorological analysis of data from buoys, 
ship reports, and wind field structure (hereafter referred to as hindcast sea 
state data) . 


All available sea state data, therefore,, will be combined statistically 
(based on their relative accuracies) to obtain the family of curves necessary 
to evaluate the sea state measuring performance of the altimeter as well as 
any potential range bias resulting from sea state. 

As an example of this procedure for a 10-foot sea, assume the hindcast 
data to be accurate to within 25 percent. Given that the aircraft (laser 
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ALTITUDE RELATIVE BIAS DUE TO WAVEHExGHT AND POINTING ERROR EFFECTS (Cm) 


GEOS-C SHORT PULSE MODE 
GATE SEPARATION = SO ns 
h = 843 km 

PW = 12.5 ns (3dB Gaussian) 
BW = 2.6° (3dB Gaussian) 

£ = Pointing Error (degrees) 
a s = Waveheight (meters) 





profilometer or nanosecond radar) data has a standard deviation of one foot, 
the 25 percent figure for hindcast data would yield a 2.5-foot standard devia- 
tion for that measurement. Statistically, this means that roughly seven data 
points from hindcast data for 10-foot seas would be equivalent to one data 
point from the aircraft instrumentation. 

3.4 SYNOPTIC WEATHER DATA APPLICABLE TO REFRACTION CORRECTIONS . 

Tropospheric refraction errors affect the calibration/evaluation of GEQS-C 

both in terms of tracking data for orbit determination and the actual altimeter 
measurements themselves. 

The results of a refraction study completed at Wallops* has indicated, how- 
ever, that refraction corrections can be handled by using a mathematical model 
with inputs of surface data only. These surface parameters are atmospheric 
pressure, temperature, and relative humidity. Consequently, tropospheric re- 
fraction corrections for the altimeter will be derived using those surface data 
incorporated in a mathematical model (see Section 4 for details) . When actual 
surface data are not available, mean monthly pressure, temperature, and rela- 
tive humidity for the latitude in question will be used as inputs for the model. 
In all cases the actual refraction correction applied will be printed on the 
data tape. 

3.5 OTHER SYNOPTIC WEATHER DATA . 

Other synoptic weather data besides the pressure, temperature, and rela- 
tive humidity required for tropospheric refraction corrections are applicable 
to the calibration effort. The following is a list of these other weather 
parameters and their potential contributions . 

■ Atmospheric pressure - Atmospheric loading and refraction 

* Cloud cover - Signal attenuation 

* Precipitation - Signal attenuation 

* Wind field - Sea state 


* Refer to Contractor Report No. 008-74, Effects of Tropospheric and Iono- 
spheric Refraction Errors in the Utilization of GEOS-C Altimeter Data , dated 
October 1974. 
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4.0 CALIBRATION DATA PACKAGE (CDP) 


4.1 PURPOSE . 

The Calibration, Data Package is a compilation of processed ground truth 
data considered necessary for the calibration of the Radar Altimeter. It 
includes all processed data to calibrate the sea state measuring capability 
as well as potential range bias caused by sea state. Information on both long 
wavelength features and short wavelength features is available for the prime 
calibration area for use in range measurement verification. The Calibration 
Data Package (CDP) also includes a description of the various mathematical 
models used in calculating long wavelength features, e.g., geoid, tides, etc. 

Processed data on short wavelength features will include those measure- 
ments taken by the aircraft - e.g., nanosecond radar, laser profllometer etc. - 
and the Satellite Meteorological Group (SMG) data set. The SMG Ground Truth Data 
Set provides a sea state evaluation derived from an analysis of both wind fields 
and ship reports of observed heights and periods. This data set will also 
provide related meteorological charts and analyses, satellite photographs, and 
supporting data. Processed data from aircraft instrumentation and the SMG 
Ground Truth Data Set will be used to build a family of curves to calibrate the 
sea state measuring capability of the altimeter. 

4.2 GEOID MODELS . 

Several geoid models will be utilized for evaluation of the altimeter 
data. For evaluations outside of the calibration area, a combination geoid 
computed by J, Marsh of NASA/GSFC and S. Vincent of Wolf Research Corporation 
will be utilized. For evaluations within the calibration area, several high 
precision regional geoid models will be used. All the geoid models are 
described below. 

4.2.1 GLOBAL GEOID MODEL . The Marsh/ Vincent global geoid model is a gravi- 
metric geoid computed using the GEM6 set of satellite-derived spherical har- 
monic coefficients in conjunction with a set of l°xl a mean free air gravity 
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anomalies. The computational procedure is well described in Strange, et al, 
1972. Because the quantity and quality of available surface gravity data is 
highly variable, the accuracy of the derived geold is variable. The Marsh/ 
Vincent geoid is most accurate in areas of best surface data such as the north- 
west Atlantic and is least accurate in areas of little or no surface gravity 
such as the southern Pacific Ocean. The derived geoid heights are considered 
as referred to an ellipsoid with a semi-major axis of 6378.142 km and a flat- 
tening of 1/298.255. Because of uncertainties in the various input parameters, 
a possible systematic bias of about ±5 to 10 meters could exist in these geoid 
heights. 

The Marsh/Vincent geoid heights were computed at intervals of one degree 
in latitude and one degree in longitude. This l°xl° grid of values is available 
on magnetic tape and in the form of a plotted contour map. The magnetic tape is 
a compilation of latitude, longitude, and geoid height at l°x3 ° intervals. The 
Marsh/Vincent geoid model has been incorporated into the ARC data reduction 
program discussed elsewhere in this section. A copy of the plotted contour map 
and/or the magnetic tape are available as part of the CDP. 

4.2.2 CALIBRATION AREA GEOID MODELS . For the altimeter area, a more detailed 
geoid model was felt to be required. Methods of computation for this detailed 
geoid will not differ substantially from that used to compute the global geoid 
model. However, geoid heights will be computed on a 10’xlO 1 grid rather than 
a l°xl° grid using surface gravity in the form of lO'xlO 1 mean free air 
anomalies rather than l°xl° mean free air anomalies. Several calibration area 
geoids are being computed using differing estimates of the surface free air 
gravity anomalies introduced into the; computations. Prior to launch, a calibra- 
tion area geoid model will be selected based on comparison of the gravimetric 
geoids with the geoid heights derived from high accuracy geocentric positions 
computed for C-band radar, laser, and Doppler tracking stations in the calibra- 
tion area. The selected detailed calibration area geoid will be made available 
on magnetic tape as a set of latitudes, longitudes, and geoid heights at 
10'xlO’ intervals and in the form of a detailed contour map. It will be 
incorporated into the A/OMEGA II computer program. 
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In support of the readjustment of the North American horizontal datum, the 
National Geodetic Survey (NGS) is in the process of computing a detailed geoid 
for the United States and adjacent areas. In undertaking this computation a 
critical evaluation is being made of surface gravity data within, and adjacent 
to, the North American continent. The detailed geoid to be computed by NGS, 
which is scheduled for completion soon after the launch of GEOS-C, will extend 
over a substantial portion of the altimeter calibration area. The NGS results 
for the calibration will be made available to the project in the form of a 
magnetic tape containing latitude, longitude, and geoid height at approximately 
10’xlO' intervals and in the form of a set of coefficients of a power series 
polynomial expansion In latitude and longitude. When available, this geoid 
height data will be made available to investigators upon request. 

4.3 TIDE MODELS . 

The Mofjeld/NOAA tide model will be used for all evaluations within the 
calibration area. The Hendershott tide model will be used for all evaluations 
outside the area. Both models are described in subsequent paragraphs. 

4.3.1 MOFJELD/NOAA TIDE MODEL . The Mbfjeld tide model was developed under 
NASA Contract No. 3&9-07-01-17-53 and is designed to provide sea surface dis- 
placement information for tides in the GEOS-C calibration area. 

The model deAc/Uptlon pfieA anted ketiein Ia ph.opfu,etaJiy 
In^oAtrcuUon and haA been Incokpotvouted Into tkiA document 
mth the petmiAAlon ofa the author. The p^e&entatton 
hofunot haA been altered Allghtly to make It comlAtent 
uhth the £ onmat oh thiA document. The technical content 
Ia unchanged hJtom ItA original ^o/t. m. 

4. 3. 1.1 General Description . The model is a set of computer subroutines that 
compute the tidal displacement from mean sea level, given the coordinates of 
the desired location and the desired date and time. It can be used to generate 
a time series at a given location, the geographical distribution of tidal height 
at a given instant, and/or the tidal height under the GEOS-C satellite as It 
passes over the calibration area. 
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The tidal displacement is computed from a set of harmonic constants, which 
have been obtained by interpolation of harmonic constants at three reference 
stations. The latter constants were found through analysis of actual pressure 
or sea level observations. Figure 4-1 shows the calibration area in the Western 
Atlantic, the reference and test stations, and a cross-hatched area indicating 
where the model is applicable. Table 4-1 lists the locations of the reference 
stations, the periods over which the observations were made, the analysis method, 
literature references, and harmonic constants. 

The accuracy of the model depends on several factors : (a) how accurately 

the harmonic constants have been determined at the reference stations; and 
(b) how well the interpolation scheme follows the actual distribution of 
harmonic constants used in the model adequately describe the tides. 

The goal of the model is to provide tidal displacements above mean sea 
level within ±5 cm in the area shown in Figure 4-1. Eight harmonic constants 
have been selected for the model: four daily constituents, K^, 0^, P^, Q^, 

and four semi-daily constituents - M2, ^ ^2’ ^ ese eight constituents 
contain almost all the energy in the daily and semi-daily tidal frequency 
bands. Lower frequency, minor daily, and semi-daily, and higher frequency 
constituents are not included in the model. A discussion of the excluded con- 
stituents and their behavior in the Western Atlantic can be found in Zetler 
et al. (1975) and Brown et al . (1975). 

The observations of the reference stations are measurements of the thick- 
ness of the water column from the bottom to the sea surface. Such measure- 
ments do not include displacements of the sea surface due to the vertical 
motion of the bottom; the model, therefore, does not contain earth tides. 

A comparison of tidal heights as obtained from observations at the MODE/ 
AOML-1 station with predictions of the model is shown in Figure 4-2. The 
standard deviation of model from the observations for the period shown is 
3.4 centimeters. The observations have been filtered to remove fluctuations 
at lower frequencies than the tidal bands. 
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TABLE 4-1. REFERENCE STATIONS 


Bermuda MODE/AOMtf-1 SCOPE 


Location 

Gage Type 

Observation 

Period 

32°24N, - 
64°42E 
Shore Gage 

1950-1951, 

1953-1954, 

1956-1957 

28°08N, - 

69°45E 

Bottom 

Pressure 

llMar73- 

29Jun73 

Gage 

30°26N, - 

76°25E 

Bottom 

Pressure Gage 

18Sept73- 

20Mar74 

Type of 
Analysis 

Response Method 

Response Method 

Response Mot-hod 

Reference 

Zetler et 
(1975) 

al. 

Zetler et 
(1975) 

al. 

Pearson 

(1975) 



Amplitude Phase 

Amplitude Phase 

Amplitude Phase 

Constituents 

(m) 

C°G) 

Cm) 

C'G) 

Cm) 

(°G) 

M 2 

0.356 

358.3 

0.345 

0.6 

0.434 

357.6 

N 2 

0.082 

337.7 

0,080 

339.8 

0.011 

335.7 

S 2 

0.081 

24.2 

0.071 

30.8 

0.082 

23.1 

K 2 

0.021 

22.7 

0.019 

29.9 

0.018 

(21.6) 

K 1 

0.066 

187.0 

0.077 

194.7 

0.096 

189.8 

°1 

0.053 

192.1 

0.061 

197.6 

0.073 

194.3 

P 1 

0.020 

187.8 

0.024 

195.2 

0.032 

189.8 

q 2 

0.011 

186.6 

0.013 

193.3 

0.014 

,.83.8 
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SEA SURFACE DISPLACEMENT (METERS) 


SMOOTH CURVE THROUGH THE OBSERVATIONS 



\ 


Figure 4-2. Sea Surface Displacement (Meters) 


The area within which the model should meet the ±5 centimeters accuracy 
criterion was obtained through a study of the tidal distributions for the 
Atlantic Ocean as given by Dietrich (1967) , and through a comparison of har- 
monic stations at tide stations other than the reference stations. Further 
checks on the model will be made as data become available from additional 
stations. 

A comparison of observed harmonic constants with results of the model is 
given in Table 4-2. There is good agreement at the NC (North Carolina) station; 
the model should be accurate as far north as 35 °N, near the continental shelf. 
The discrepancy at the San Juan, Puerto Rico, station is due to the tidal 
regime in the Equatorial Atlantic differing from the reference stations, and 
to a more localized influence of the passes between the islands of the Antilles 
and of the tidal regime in the Caribbean Sea. The southern limit of the model 
lies northward of these effects. 

Through studies such as Redfield (1958), it is clear that on the conti- 
nental shelves, tidal amplitudes and phases change over distances which are 
short compared with the distances over which amplitudes and phases vary in the 
open ocean. The GEOS-C tide model is based on harmonic constants from the 
open ocean and is applicable only where the tidal amplitude and phase varia- 
tions have oceanic rather than shelf spatial scales. The model should be used 
seaward of the 2000-meter depth contour. If extrapolated into shallower water, 
the model will underestimate the tidal amplitudes. The discrepancy increases 
rapidly shoreward of the 200-meter depth contour. 

While it is traditional in tidal prediction calculations to fix the node 
factors at a single set of values for time series up to 1 year in duration, 
the model computes the instantaneous node factors for each time. The more 
accurate procedure is used for two reasons: first, the operational period of 

the GEOS-C satellite coincides with a period in which the node factors are 
changing rapidly, and hence the fixed factors are likely to differ significantly 
from the correct values; second, variable node factors allow direct comparisons 
between results of the model and observations obtained several years before the 
launch date of the satellite. The additional computer time required to compute 
the node factors is not significant. 
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TABLE 4-2. COMPARISON OF MODEL WITH TEST STATIONS 


North Carolina Station 1 
Location 32°41.5N, ~75°37.5E 

Gage Type Bottom Pressure Gage 

Observation 9 July 72-6 Aug 72 
Period 


San Juan, Puerto Rico Station 
18°29N, -66°07E 

Shore Gage 

1899; 

191 - 1/2 days 
duration 


Type of Harmonic Analysis Model Harmonic Analysis Model 

Analysis 

Reference Mofjeld, 1972 C&GS Tidal Harmonic 



Amplitude 

Phase 

Amplitude Phase 

Constants, 

Amplitude 

TH-1, 

Phase 

1942 

Amplitude 

Phase 

Constituents 

(m) 

C°G) 

(m) 

(°G) 

(m) 

CG) 

Cm) 

C°G) 

M 2 

.481 

356 

.4574 

356 

.149 

18 

.2021 

16 

N 2 

.093 

339 

.1123 

334 

.034 

4 

.0409 

2 

S 2 

.072 

27 

.0891 

20 

.021 

39 

.0518 

65 

K 2 

(.020) 

( 27) 

.0193 

17 

(.006) 

(38) 

.0187 

54 

K 1 

.101 

185 

.0955 

186 

.082 

228 

.0680 

216 

°1 

.077 

192 

.0721 

192 

.073 

227 

.0551 

211 

P 1 

(.033) 

(185) 

.0320 

187 

.027 

228 

.0191 

220 

<*1 

(.015) 

(185) 

.0135 

179 

.015 

227 

.0154 

213 


i 
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Because of assumptions used in establishing the time base of the model 
and because of assumptions made about the functional dependence of the node 
factors on time, the model is attuned for predictions for the time period 1973- 
1978. Extending this period will require modification of the model. 

In the open ocean, the sea surface is fluctuating about a time- independent 
mean because of several processes of which ocean tides produce some of the 
largest displacements. In the GEOS-C calibration area, tidal displacements 
amount to about to about ±0.5 meter. Other processes such as time-dependent 
currents (atmospherically induced), low frequency waves, and earth tides may 
produce displacements of perhaps ±0.1 meter. If the altimeter of the GEOS-C 
is found to have sufficient resolution, these processes must be included in any 
analysis scheme to remove and/or study time-dependent sea surface fluctuations 
in the altimetry data. The region of the Gulf Stream in the calibration area is 
subject to meanders of the current which can produce sea surface fluctuations 
as large as 1 meter. The Gulf Stream is an important feature in the calibra- 
tion area and must be treated carefully in order to obtain a complete picture 
of the sea surface's behavior in the calibration area; other investigates 
are considering this problem. 

A. 3.1.2 Fundamental Formulas . The sea surface displacement at a given time 
location is computed using the expression 

8 

h = 2^ f i k ± cosCc^ t - 4 ± ) , (1) 

where f., A., o., £. are the node factor, amplitude, frequency, and phase lag 

X. , XXX 

of the l^tidal constituent and t is the time relative to 0000GMT 1 March 75. 

The frequencies of the eight principal constituents are obtained from Schureman 
(1941); all other quantities are computed by the model. 
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The node factors are computed from cubic polynom als derived from 
Stirling's interpolation formula applied to values for the middle of each 
year 1973-1977, as found in Schureman (1941) 

fi = a i + bi u + c i + (2) 

where a., b. , c . , and d. are coefficients and u - t-t , 
i 1 i i o 

t being the same lag in hours from the start time of the model to 
0000GMT 1 July 75. 


The amplitudes A,. and phase lags are computed from the complex 


harmonic constants H. - (H., H. ) 

x x i 


A i- 


(H^) 2 + (H?) 2 


1/2 


(3) 


and 


, •« , T. 

= arc tan (H^ / H^) 


(4) 


The complex harmonic constants are computed at a given location by the 
linear polynomial 

H 1 - ( H i,l) X + ( H i,2) y + H i,3 ’ < 

where and 3 are coefficients and x and y are the zonal and 

meridianal Mercator coordinates corresponding to the latitude 8 and east 
longitude \ of the location, J..e^ , 


x = n X 


( 6 ) 
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and 


y = m { tan (45« + 8/2) [jfc gg-g] 2 ) J (7) 

e(= 0.08181949) is the earth's eccentricity as given by the SAO XI 
spheroid. 

The coefficients H, . are found by fitting equation (5) to complex har- 
monic constants (Greenwich phases adjusted to 0000GMT 1 March 75) at three 
reference stations, using their Mercator coordinates. 

4. 3.1.3 Computer Subroutines and Functions . Following are descriptions of the 
subroutines and functions that comprise the GEOS-C tide model. 

4. 3. 1.3.1 Subroutine Time (Year, Month, Day, Hour, Minute, Second, T) . Given 
the date in YEAR, MONTH (floating point variable) , and DAY and the time in 
HOUR, MINUTE (floating point variable), and SECOND in Greenwich Mean Time, 

TIME computes the time elapsed in hours, T, since 0000GMT 1 March 75. This 
subroutine accounts only for one leap year, 1976, and is valid only for the 
period 1 March 1972-29 February 1980. Example: CALL TIME (1975.0, 3.0, 1.0, 

0.0, 0.0, 0.000, T) 

4. 3. 1.3. 2 Subroutine Tide (Theta, Lambda, T, Height) . As input data, the user 
provides TIDE with the latitude THETA and east longitude LAMBDA (floating point 
variable), both in degrees, and the elapsed time T in hours since OOOOGMT 

1 March 75 as obtained from TIME, TIDE then returns the sea surface displace- 
ment from the time mean in meters at that location and time. 

Example: CALL TIDE (28.00, -69.40, T, HEIGHT) 

4. 3.1. 3.3 l ntry Tide 1 (T, Height) . This entry point in TIDE is used to pro- 
duce time series at a given location whose harmonic constants need not be re- 
computed at each time step. TIDE must be called at least once to establish the 
harmonic constants after which TIDE 1 may be used. 
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Example; CALL TIDE 1 (TO+FL0AT (IT), HEIGHT) 

where IT is the index of a £0 loop and TO is the initial start time of the 
series . 

4. 3. 1.3. 4 Subroutine C0nst (H) . C0NST contains the harmonic constants at the 
reference stations and equilibrium phase information relative to 0G00GMT 

1 March 75. When called by TIDE, C0NFT ^eturns a complex array H(l, J) of a 
linear polynomial which Is used in subroutine AMPL to compute the harmonic 
constants at a given location. C0NST need be called only once. 

Example: CALL C0NST (H) 

4. 3. 1.3. 5 Subroutine Locate (Theta, Lambda, X, Y) . Using the latitude THETA 

in degrees and the east longitude LaMBDA (floating point) in degrees, L0CATE 
returns the zonal and meridianal Mercator coordinates X and Y, respectively, 
where the origin is assumed to be 0°N 0°E. This subroutine uses the earth's 
eccentricity as obtained from the SAO II spheroid in the computations of Y. 
Example: CALL L0CATE (28.00, -69.40, X, Y) 

4. 3. 1.3. 6 Subroutine Ampl (X, Y, H, A, Z) . From the Mercator coordinates X 
and Y, obtained from L0CATE, and the coefficient array H, obtained from 
C0NST, AMPL uses a linear interpolation scheme to compute the amplitudes (A) 
and phases (Z) relative to 0000GMT 1 March 75, of the eight tidal constit- 
uents M 2 , N 2 , S 2 , K 2 , Kp 0^ Pp and Qp 

Example: CALL AMPL (X, Y, H, A, Z) 

4. 3. 1.3. 7 Subroutine Node (T, F) . Given the time T, N0DE returns an array F (1) 
of node factors which adjust the amplitudes of the harmonic constants for 

their 8,7 and 19 year cycles. 

Example: CALL N0DE (-2000,0, F) 

4. 3. 1.3. 8 Function Sum (F, A, Z, T) . Using the node factors F, the ampli- 
tudes A and phases Z of the eight principal tidal constituents , and the time T, 
SUM computes the sea surface displacements due to water tides in meters. 

Example: HEIGHT = SUM (F, A, Z, T) 
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4. 3. 1.4 Use of the Model . A straightforward application of the model would 
be to first call TIME to obtain the time T from the date and time in Greenwich 
Mean Time, and then call TIDE with T and the latitude THETA and longitude 
LAMBDA to obtain the sea surface displacement at that time and place. By re- 
peating the TIDE call at different locations but using the same time T, the 
spatial distribution of the sea surface displacement at that instant can be 
obtained for the calibration area. For a satellite passing over the calibra- 
tion area in a time period which is short compared with the tidal period, 
the displacement under the satellite may be obtained by fixing T and computing 
the displacements at a series of locations under the trajectory. Time series 
can be obtained using the entry point TIDE 1 In subroutine TIDE. TIDE must be 
called once to establish the harmonic constants at the desired location after 
which TIDE 1 may be called in a D0 loop to generate the time series. 

4.3.2 WALLOPS INPUT CARD FORMAT FOR MOFJELD NOAA TIDE MODEL . The Mofjeld/NOAA 
tide model program, as implemented on the Wallops Honeywell 62b computer, 
accepts card Input in the following format: 


CARD COLUMN 
1-6 
7-16 

21-30 
35-44 

For each card input, the Program prints out all the input variables (with the 
appropriate titles) and the computed sea surface displacement, in meters, for 
that time and geographic location. The Modified/NOAA tide model is incorpo- 
rated in the A/OMEGA II computer program. 

4.3.3 I1ENDERSH0TT TIDE MODEL . The Hendershott ocean tide model will be used 
in the ARC program for global ocean tide calculations outside of the calibra- 
tion area. 


DESCRIPTION 

YYMMDD (Date — year, month, day) 
HHMMSS.SSS (Time — hours, minutes 
seconds) GMT 

iDD.DDDDDD (Latitude in Degrees) 
DDD.DDDDDD (East Longitude in Degrees) 
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4.3. 3.1 General Description . The Hendershott tide model represents the 
astronomical tide generating potential by the dominant second order term, 
in the spherical harmonic expansion. The effects of yielding of the solid 
earth to the astronomical tidal force are included, but the ocean self- 
attraction and the ocean loading effect is neglected (Hendershott, 1973) • The 
solution only represents the dominant lunar semi-diurnal tide-.O^) with lunar 
declination terms neglected. Table 4-3 presents the spherical harmonic co- 
efficients of the global tide. 

4. 3. 3. 2 Hendershott Tide Model Subroutine . Table 4-4 is the Hendershott tide 
model subroutine derived from the above information at Lhe Wallops Island sta- 
tion, and is included in the ARC program. 

4.4 REFRACTION CORRECTION MODEL . 

Studies indicate that refraction corrections for both the altimeter and 
tracking data can be handled as a mathematical model. (See Appendix B.) It 
is planned to use the modified Hopfield model in the data reduction program. 
Inputs to this model are surface pressure, temperature, and relative humidity. 
Arrangements are being made with the NOAA Space Flight Meteorological Group to 
obtain these surface meteorological parameters for a major portion of the 
Northern Hemisphere. The parameters will be derived from the NWS computer- 
ised Spectral Global Analysis Program. 

h iere actual data are not available, the data reduction program will use 
mean monthly values tabulated as a function of latitude for both the Northern 
and Southern Hemisphere, Table 4-5. Values in Table 4-5 are in 5° increments 
from 65°S to 65°N at a longitude of 50°W. 

4.5 SEA STATE DATA ACQUISITION/PROCESSING . 

As stated in Ground Truth Parameters, Section 3, sea state processing data 
inputs will include magnetic tapes from the Nanosecond Radar and Laser Profilom- 
eter NASA C-54 aircraft observations. The data package from the aircraft will 
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TABLE 4-3. SPHERICAL HARMONIC COEFFICIENTS OF THE M 2 GLOBAL TIDE 


n 


m 


cc 

run 


S 


nin 


0 

1 

1 

2 

2 

2 

3 

3 

3 

3 

4 
4 
4 
4 

4 

5 
5 
5 
5 
5 

5 

6 
6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 

7 

a 

8 
8 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


0 

0 

1 

0 

1 

2 

0 

1 

2 

3 

0 

X 

2 

3 

4 
0 
1 
2 

3 

4 

5 
0 
1 
2 

3 

4 

5 

6 
0 
1 
2 

3 

4 

5 

6 
7 
0 
1 
2 

3 

4 

5 

6 

7 

8 
0 
1 
2 

3 

4 

5 

6 

7 

8 
9 


- 5.26 

- 12.52 

- 0.36 

6.81 

10.71 

3.89 

4.47 

1.65 

- 14.35 

5.20 

- 32.69 

44.86 

2.93 

- 11.30 

- 5.25 

- 30.30 

16.37 

- 21.01 

30.62 

38.45 

- 3.33 

- 0.49 

6.90 

- 15.36 

11.85 

- 4.60 

- 30.74 

- 34.54 

- 13.04 

- 8.03 

- 4.43 

4.18 

15.58 

32.22 

- 22.62 

3.85 

- 0.59 

3.78 

13.85 

22.57 

- 1.16 

- 3.28 

6.10 

1.61 

- 0.66 

9.79 

- 1.78 

12.04 

- 3.68 

19.94 

3.98 

9.32 

- 2 . /b 

18.76 

0.91 

22.92 

5.31 

6.66 

- 10.45 

- 1.95 

10.92 

- 8.19 

- 9.72 

1.06 

3.86 

- 0.82 

0.50 

- 15.31 

2.85 

0.92 

12.37 

11.25 

- 3.49 

2.26 

- 7.70 

6.81 

0.03 

- 11.78 

7.85 

- 5.03 

- 7.62 

6.90 

- 6.21 

- 7.68 

- 5.87 

- 6.59 

- 14.70 

- 6.11 

4.81 

- 2.03 

- 5.06 

- 3.65 

- 5.90 

- 5.94 

- 0.59 

1.29 

3.08 

0.48 

2.67 

3.61 

1.45 

- 2.31 

8.05 

2.45 

2.48 

-/. 74 

- 4.59 

- 7.09 

4.15 

7.99 


10.97 

35.80 

0.00 

0.00 

- 13.04 

- 27.18 

11.38 

23.68 

0.00 

0.00 

9.02 

- 9.59 

- 20.87 

25.82 

30.81 

- 0.75 

0.00 

0.00 

7.63 

18.49 

- 19.92 

- 39.37 

- 11.94 

- 29.16 

16.10 

29.84 

0.00 

0.00 

- 12.35 

- 24.71 

27.26 

- 26.93 

- 1.66 

20.90 

1.00 

- 28.94 

14.59 

16,91 

0.00 

0.00 

- 5.91 

- 2.65 

12.75 

9.94 

3.21 

12.08 

0.35 

- 11.65 

- 17.50 

19.23 

- 5.82 

- 34.50 

0.00 

0.00 

9.69 

11.96 

- 3.00 

19.13 

2.22 

2.13 

8.54 

- 5.37 

2.82 

- 18.55 

0.44 

- 3.42 

- 12.86 

- 18.77 

0.00 

0.00 

4.30 

8.12 

- 5.16 

10.23 

5.93 

- J .56 

5.59 

- 10.60 

- 3.30 

- 10.16 

1.30 

0.00 

- 4.94 

14.78 

- 1.70 

9.10 

0.00 

0.00 

- 3.35 

3.53 

- 6.27 

- 5.04 

2.26 

4.37 

7.71 

- 3.84 

7.15 

0.64 

4.30 

- 7.89 

- 1.62 

- 1.19 

- 5.32 

3.03 

7.08 

6.92 
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TABLE 4-4. HENDERSHOTT TIDE HEIGHT MODEL SUBROUTINE 
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TABLE 4-5. REFRACTION CORRECTION MEAN MONTHLY SURFACE METEOROLOGICAL r YEA 

PRESSURE (millibars) 



Jan , 

Feb . 

Mar . 

Apr . 

Miy 

June 

July 

Aug . 

Sept . 

Oct . 

Xov . 

Dec . 

65^ 

1004.0 

1004.0 

1003.0 

1012.0 

1015.0 

1011.0 

1009.0 

1009.0 

1007.0 

1002.0 

1002.0 

1000.0 

60 "V 

997.5 

993.0 

1002.0 

1007.0 

1013.0 

1010.0 

1011.0 

1010.0 

1006.0 

998.0 

1001. 0 

998.0 

S 5 9 N 

1002.0 

1004.0 

1001.0 

1008.0 

1013.0 

1011.0 

1014.0 

1012,0 

1010.0 

1006. 0 

1006,5 

1002.0 

SO°K 

1007.0 

1009.0 

1003.0 

1011.0 

1014,0 

1015. 0 

1018.0 

1015.0 

1014.0 

1012.0 

1011.0 

1009.0 

45 °V 

1012.0 

1011.5 

1007.0 

1014.0 

1016.0 

1018.0 

1022.0 

1018.0 

1018.0 

1016.0 

1016.5 

1014.0 

40 9 X 

.016.0 

1015.0 

1013.0 

1017.5 

1021.0 

1022.0 

1025.0 

1022.0 

1020.0 

1019.0 

1019.0 

1018. 0 

3 S°M 

1019.0 

1018.0 

1017 .S 

1022,0 

1022.0 

1025.0 

1027.0 

1026.0 

1023.0 

1021.0 

1022.0 

1021.0 

50 9 N 

1022.0 

1021,0 

1021.0 

1023,0 

1023.0 

1026.0 

1025. 0 

1023, 0 

1021.6 

1022.0 

1022.0 

1021.0 

25 °M 

1022.0 

1022.0 

1022.0 

10 Z 2.0 

1022.0 

1024,0 

1022.0 

1020.0 

1019.8 

1020.0 

1022.0 

1021.0 

20 B N 

1021.0 

1019.5 

1020.0 

1019.0 

1019.0 

1021.0 

1019.0 

1017.5 

1017.0 

1019.0 

1019.0 

1020.0 

1 S°N 

1017 . S 

1017.0 

10.7.0 

1015 . S 

1016.0 

1018.0 

1017.0 

1014.0 

1015.0 

1015.5 

1017.0 

1017.0 

10°» 

1015.0 

1015.0 

1013.5 

1013.0 

1013.0 

1015.0 

1014.0 

1014.0 

1013.3 

1013.0 

1013.0 

1014.0 

5 9 N 

1012.0 

1013.0 

1016.0 

1010.0 

1010.0 

1013.0 

1013.0 

1013.0 

1013.6 

1013.0 

1011.0 

1011.5 

0 *N 

1010.3 

1011.2 

1010.4 

1010.7 

1011.3 

1013.1 

1013.3 

1013.5 

1012.9 

1012.2 

1010.9 

1011.1 

- 5 °N 

1010.7 

1011.4 

1010.9 

1011.3 

1012,1 

1014.1 

1014.6 

1014.8 

1013.9 

1012.6 

1011.3 

1011.5 

-10 °N 

1012.2 

1012.3 

1012.1 

1012.7 

1113.8 

1016.0 

1016.8 

1016.9 

5.8 

1013.9 

1012.5 

1012.3 

-15°?( 

1013.3 

1013.3 

1013.2 

1014.2 

1016.0 

1017.9 

1019.1 

1018.9 

1017.6 

1015.5 

1013.6 

1013.0 

-20°\ 

1014.1 

1014.2 

1014. 1 

1015.8 

1318.1 

1019.6 

1020.7 

1020.6 

1018.9 

1016.6 

1014.5 

1013.5 

-25 °M 

1015.0 

1014.6 

1015.0 

1017.1 

1019.2 

1020.6 

1021.4 

1021.4 

1019.6 

1017.1 

1015.0 

1013.9 

“30 °N 

1 S 15.6 

1015.0 

1015.6 

1017.8 

1018.9 

1020.7 

1021.1 

1020.9 

1019. 1 

1017.2 

1015.0 

1014.2 

-35 °V 

1015.1 

1015.3 

1015.3 

1016.9 

1017.2 

1019.4 

1019.0 

1018.7 

1017.9 

1016. 3 

1014.4 

1014.1 

-40 °M 

1012.1 

1013.4 

1013. 1 

1014.1 

1014.? 

1016.0 

1014.7 

1015.2 

1016.2 

1015.3 

1012.2 

1012.5 

-45 °N 

1006.3 

1008.3 

1008.6 

1009.2 

1003,0 

1010.2 

1009.0 

1010.2 

1012.6 

1012.0 

1007.1 

1008.6 

- SO 9 ') 

998.7 

1001.2 

1002.2 

1002,2 

1002.1 

1003.2 

1003. 1 

1004.1 

1006.4 

1006.2 

1000.0 

1000.7 

'5 S°N 

992.2 

994.1 

995.1 

994.6 

995.3 

996.9 

997.5 

997.5 

999.0 

999.0 

992.6 

993.3 

'60 °N 

988.5 

988.1 

989.0 

987.9 

993.1 

992.0 

992.7 

992.0 

991.5 

991.5 

935.8 

988.5 

-6 S°N 

987.5 

984.9 

985.3 

984.0 

987.5 

989.0 

989.2 

988.3 

985. 1 

984.0 

981.3 

986.9 
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TABLE 4-5. REFRACTION CORRECTION MEAN MONTHLY SURFACE METEOROLOGICAL DATA (Cont'd) 

TEMPERATURE (°C) 



Jan. 

Feb. 

Mar, 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

65°H 

* 4.0 

- 4.0 

0.0 

- 1.0 

4,0 

6.0 

6.0 

7.0 

6.0 

2.0 

0.0 

- 2.0 

60 

2.S 

2.0 

4.0 

3.0 

6.0 

8,0 

9.0 

10.0 

9.0 

6.0 

5.0 

5.0 

SS'TJ 

5.0 

5.0 

6.0 

6.0 

7.0 

10.0 

11.0 

13.0 

12.0 

9.0 

7.0 

6.0 

S0°N 

8.0 

7.0 

8,0 

9.5 

10.0 

13.5 

1S.0 

16.0 

15.0 

13.0 

11.0 

9.0 

45°N 

11. 0 

11.0 

12.0 

13.0 

13.5 

17.0 

19.0 

20.0 

18.0 

17.0 

14.0 

13.0 

40°N 

14.0 

13.5 

14.0 

14.5 

16.5 

19.0 

21.0 

23.0 

21. S 

19.0 

17.5 

15.0 

35 °N 

16.0 

16.0 

17.0 

17,0 

18.5 

21.0 

23.0 

24.7 

24.0 

21.5 

20.0 

18.0 

30°N 

18,5 

18.0 

18.5 

19.8 

20,5 

22.0 

24.2 

25.0 

25.0 

23.0 

21.5 

19.0 

25°JJ 

21.0 

20.5 

20.5 

21.0 

21.5 

23.0 

24.5 

25,6 

25.3 

25.0 

23.0 

22.0 

20°N 

22.0 

21.5 

21.5 

22,0 

22.5 

24,4 

2S.0 

25.6 

25.6 

25.6 

2S.0 

23.0 

15°N 

23.0 

23,0 

23.0 

23.0 

23.5 

25.0 

26.0 

26.0 

26.1 

26.7 

25.6 

25.0 

10°N 

24.5 

23.0 

25.0 

25.0 

25.0 

26.0 

26.0 

25.6 

27.2 

26.9 

26.1 

25.6 

S°N 

26.0 

26.0 

26.0 

26.0 

26.0 

27.0 

27.0 

26.0 

27.2 

26.7 

26.1 

26.1 

0°N 

26.7 

26.5 

26.5 

25.8 

26.6 

26. S 

26.0 

25,9 

26.4 

25.7 

25,5 

26.5 

- 5°N 

27,6 

27.7 

27.4 

27.2 

26.3 

25.6 

25,5 

25.2 

2o.O 

26. 6 

26.9 

27.3 

-10°N 

27.2 

27.7 

27.1 

26.7 

26.1 

24.9 

24.4 

24.6 

25.1 

25.9 

26.5 

26.8 

-1S°N 

26.6 

27.6 

27.2 

26.6 

25.6 

25.0 

24.3 

24,1 

24.7 

25.2 

26.0 

20.9 

-20°N 

26.4 

26.6 

26.8 

26.2 

24.5 

24,0 

23.0 

24.7 

22.9 

23.5 

24.4 

25.3 

-2S°N 

25.5 

26.0 

26.1 

24.8 

22.9 

22.2 

21,0 

20.0 

20.7 

21.4 

22.5 

24.0 

~30°N 

23.5 

24.6 

24.0 

22.6 

20.3 

19.3 

18,3 

18.0 

18.2 

18.7 

20.3 

21.8 

-35 e N 

20.1 

21,2 

20.4 

18,8 

16.6 

16,0 

14, f 

14.6 

14.3 

15.0 

16.6 

18.4 

-40°N 

16.1 

16.5 

16.0 

14.8 

12.9 

12.3 

11.2 

10. •' 

10.7 

11.5 

13.0 

14.6 

-4S°N 

12.0 

12.5 

12.0 

11.0 

9.3 

8.6 

7,5 

7.c; 

7.3 

8.5 

9.5 

10.7 

r 

7.5 

8.2 

7.9 

5.9 

4.7 

3.9 

3.3 

3.1 

5.2 

4.4 

5.4 

6.3 

.. 

3.5 

3.8 

3.2 

1.3 

- 0.1 

- 1.7 

- 2.0 

- 2.4 

- 1.8 

0.0 

1.1 

:.s 

-60°N 

0.2 

0,8 

0.1 

- 3.1 

* S.3 

- 8.0 

-10.0 

- 9.0 

- 6.6 

- 3.8 

- 1.8 

- 0.4 

-65 e N 

- 1.2 

- 1.3 

- 5.1 

- 9.0 

-12.0 

-12.9 

-15.0 

-16.3 

-13.0 

- 8.8 

- 4.7 

- 1.' 
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TABLE 4-5. REFRACTION CORRECTION MEAN MONTHLY SURFACE METEOROLOGICAL DATA (Cont'd) 

RELATIVE HUMIDITY (%) 



Jan. 

Feb. 

Mar. 

Apr. 

‘lay 

June 

July 

Aug. 

Sept. 

Oct. 

Xpv. 

Dec. 

65°JJ 

73 

73 

54 

80 

76 

82 

82 

76 

82 

93 

74 

74 

60°N 

78 

87 

76 

81 

82 

79 

88 

83 

80 

88 

82 

61 

5S°N 

82 

82 

74 

82 

88 

83 

88 

80 

78 

82 

82 

76 

so-n 

82 

88 

77 

80 

82 

E0 

83 

83 

83 

78 

7S 

80 

45">f 

88 

77 

73 

78 

78 

79 

79 

80 

31 

79 

78 

78 

40°N 

81 

’B 

73 

81 

76 

79 

81 

75 

77 

84 

76 

78 

35'N 

83 

79 

74 

81 

76 

79 

84 

72 

75 

79 

79 

79 

30 o, l 

79 

76 

76 

79 

79 

79 

80 

79 

79 

79 

79 

89 

ZS°N 

77 

72 

78 

79 

81 

82 

80 

79 

83 

79 

79 

79 

Zfl°N 

77 

74 

79 

81 

82 

82 

79 

81 

86 

81 

79 

79 

15°N 

79 

75 

77 

82 

S3 

84 

78 

84 

84 

70 

81 

79 

10 e M 

82 

79 

77 

79 

79 

84 

81 

86 

79 

80 

84 

79 

5°M 

84 

79 

79 

79 

79 

80 

80 

84 

79 

81 

84 

79 


82 

83 

81 

85 

83 

81 

79 

81 

76 

80 

84 

80 

* s°>r 

33 

76 

77 

80 

82 

82 

76 

73 

72 

75 

76 

74 

-10°X 

7S 

74 

78 

82 

84 

88 

SO 

77 

75 

81 

79 

76 

-1S°V 

81 

77 

77 

81 

83 

84 

79 

81 

77 

79 

79 

77 

-20°N 

■ 81 

81 

79 

79 

78 

79 

77 

87 

77 

79 

80 

83 

-2S°’J 

79 

80 

80 

77 

77 

78 

77 

81 

78 

76 

79 

77 

-30^ 

73 

75 

84 

74 

78 

78 

75 

76 

75 

76 

73 

75 

-35 6 N 

76 

79 

82 

76 

77 

77 

79 

78 

80 

80 

77 

80 

-40°N 

78 

86 

84 

77 

77 

76 

76 

80 

82 

80 

80 

81 

*45®') 

79 

80 

78 

77 

76 

74 

74 

77 

82 

76 

80 

81 

•SO c M 

81 

84 

77 

82 

80 

74 

72 

76 

82 

’6 

80 

81 

-5S°N 

85 

87 

63 

85 

78 

74 

69 

77 

87 

82 

85 

81 

-60°% 

89 

79 

87 

87 

79 

82 

85 

87 

86 

86 

82 

85 

-6S% 

’8 

69 

92 

91 

86 

86 

80 

89 

92 

83 

84 

82 



include all pertinent flight information - e.g., logs, plots, etc., - and data 
from supporting instrumentation. After being processed, the data will be merged 
with the SMG Ground Truth Data Set to produce a family of curves for calibrating 
the sea state measuring capability of the radar altimeter. Subsequent paragraphs 
describe NASA C-54 aircraft observed input and data processing products. 

4.5.1 NANOSECOND RADAR . The CDP will contain processed data derived through 
the aircraft ground truth operations delineated in Section 6. 

4. 5. 1.1 Nanosecond Radar Data Processing . Nanosecond radar data will be 
processed to provide for the following: 

a. Significant Wave Height (Hl/3) estimate, 4 times the surface 
height standard deviation. 

b. Aircraft Vertical Motion 

c. Normalized' Radar Return Power 

d. Derivative of Radar Received Power 

In the process of summing a number of pulse returns to reduce the Rayleigh 
fluctuations and obtain the average pulse return shape, it is necessary to align 
the pulse returns, removing any changes in range which occurred among them due 
to aircraft vertical motion. This alignment process is performed with a thres- 
hold tracker. Assuming that the aircraft vertical motion effects a range change 
of less than the 0.625 ns range quantization in the 0.18 second it takes to re- 
cord 16 pulses (aircraft vertical rate less than 0.528 m/s); then is is not pos- 
sible to obtain any better alignment of the pulse returns than already exists 
within that group. The standard deviation on the C-54 aircraft vertical motion 
has been measured to be 0.26 m/s so that 16-pulse groups can be averaged and 
aligned as units without any degradation. The threshold crossings are recorded 
for each of 100 consecutive 16-pulse groups. A 17-point walking quadratic filter 
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is applied to the thresholds to determine the aircraft vertical motion which is 
then quantized and the 100 16-pulse groups are aligned accordingly. 


4. 5. 1.2 Output Products . Figure 4-3, Aircraft Vertical Motion, depicts this 
information graphically and is an example of a data product that will be in the 
package. The horizontal scale is time and the vertical scale is radar range in 
meters. The Xs Indicate the positions of the thresholds for the 16-pulse 
averages, and the solid line is the aircraft vertical motion as obtained from 
the 17-point quadratic filter. If the range change exceeds 1.4m in one step, 
then that 16-pulse group is excluded as being questionable. That group does 
not count in the tally and, instead of an X, a D appears on the plot to Indicate 
that the data was deleted. 

The 1600 aligned pulse returns are divided into two groups and maximum 
likelihood estimates of SWH and the plateau decay coefficient are made for the 

800-pulse averages. Figure 4-4, Nanosecond Pvadar Received Power and Derivative 
of the Received Power, presents an example of the radar data points (squares) 
the maximum likelihood fit to the data (solid line) for the average return, 
and the derivative of the average return for 800 pulse Returns. Two CALCOMP 
plots, such as in Figure 4-4, will be in the data package, one' for each 800-pulBe 
average. 

4.5.2 LASER PROFILOMETER . The CDP will contain processed Laser Profilometer 
data products derived from aircraft ground truth operations (see Section 6) . 

These products are: 

a. Significant Wave Height 

b. Wave Height Spectrum 

c. Wave Height Probability Density Function 

The pulse rate, spot size, etc. of the laser is such that it (the Laser 
Profilometer) simply profiles the ocean surface roughness under the aircraft. 
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In order to perform spectral analysis on this data, the data must be pre- 
processed to remove both the laser phase shift and the aircraft vertical motion. 
(See Figure 4-5. ) 

The top trace is raw data; the middle trace has the phase shift removed. 
(Phase shift is removed by simply taking out the step functions.) The bottom 
trace is the result obtained by running the data through a low pass filter 
which removes the aircraft vertical motion. Spectral analysis is then per- 
formed on this pre-processed data (bottom trace. Figure 4-5). 

Note that, at this time, the LP data processing program does not take into 
account the relative directions of the aircraft and the sea itself; in other 
words, it assumes a unidirectional wave field with infinitely long crests. This 
correction can be applied if the relative directions of the aircraft and the 
sea are known. This information is difficult to obtain, but proper corrections 
can be made within the LP data processing program with the help of the wind-wave 
interaction theory. 

The laser . probability function (Figure 4-6) and the Laser Frofiloneter 
wave height spectrum (Figure 4-7) are output products of the Laser Frofilometer 
data reduction program. 

4.5.3 SUPPORTING AIRCRAFT DATA . The following supporting data will be furnished 
by the C-54: 

a. Dead Reckoning (D.R. plot of entire flight) 

b. Smooth plot of flight path during data acquisition periods 
(from LORAN-A, INS, etc.) 

c. Time log of all pertinent event such as turns, altitude changes, 
etc. 
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4.6 SPACEFLIGHT METEOROLOGICAL GROUP (SMG) CALIBRATION PRODUCTS. 


The Washington Section of the Spaceflight Meteorological Group (SMG) 
of the National Weather Service (NWS) has joined the GEOS-C project funded 
by NASA to provide meteorological support for the radar altimeter experi- 
ment with emphasis being placed on hindcast sea state. The SMG will provide 
the project With a Ground Truth Data Set, and has participated in the 
development of the Data Source Catalog. 

4.6.1 SCOPE . SMG calibration products include the SMG Ground Truth Data Set, 
which is directed primarily towards providing hindcast sea state ground truth 
for the CDP, and other meteorological and related products required for the 
calibration effort. 

The following topics are presented in this section: 

a. Sample of a typical SMG Ground Truth Data Set 

b. Description of SMG Ground Truth Data Set 

c. Sample of other meteorological calibration products 

d. Description of other SMG calibration products. 

e. Sea state analysis 

f. Problems of sea state observations 

g. Glossary of applicable definitions; i.e. definition of basic sea 
state terms 

4.6.2 SAMPLE SMG GROUND TRUTH DATA SET . A typical SMG Ground Truth Data Set 
will include the following information, presented in graphical form: 

Ground Track Meteorological Analysis and Overlay 
Surface Weather Analysis (with ground track annotated) 
SMS-1, Infrared 4 nm Resolution (Satellite Photograph) 
NGAA-4, Northern Hemisphere, Visual and Infrared 
2 nm Resolution (Satellite Photograph) 


• Figure 4-8 

• Figure 4-9 

• Figure 4-10 
» Figure 4-11 
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Figure 4-9. Surface Weather Analysis (1800 GMT 18 Nov 1974), 
with Ground Track Annotated 
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Figure 4-10. SMS-1 Infrared 4 nra Resolution 






Figure 4-11. NOAA-4 Northern Hemisphere Visual and 
Infrared 2 run Resolution 
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4.6.3 DESCRIPTION QF SMG GROUND TRUTH DATA SET . Subsequent paragraphs present 
a description of the SMG Ground Truth Data Set. 

4. 6. 3.1 Ground Track Meteorological Analysis and Overlay . An analysis (see 
example, Figure 4-8) of sub-satellite sea state data for the calibration area 
will be provided for the North Atlantic. The sea state information, contained 
In the overlay, will be derived from all available meteorological data such as 
sea state (and/or wind) reports from ships and wind fields derived from the 
surface atmospheric pressure gradients. Sea and swell estimates, surface wind, 
cloud cover, and areas of precipitation along the track will be annotated. 
Frontal systems affecting the track will be also depicted on the overlay (shown 
in Figure 4-8). 

4. 6. 3. 2 Surface Weather Analysis . The surface weather analysis will be pro- 
vided for use with the ground track meteorological analysis and overlay. 

This chart, a 1:2,000,000 polar sterographic projection, will include a plot 
of all applicable synoptic weather reports (ships, land stations, and buoys) 
and a meteorological analysis of the area. Surface wind field patterns are 
delineated in the analysis by isobaric contours. Figure 4-12 is an example of 
a plotted ship's weather report as found on the surface weather map with the 
information included. Figure 4-13 gives examples and an explanation of other 
symbology generally appearing on the surface weather analysis chart. 

Appendix D contains the information contained on the ship code card showing 
the weather code in symbolic form with the tables used to encode the various 
parts of the report. Surface weather analysis charts are produced by the 
National Meteorological Center (NMC) for 0000, 0600, 1200, and 1800 GMT daily. 
Figure 4-9 (part of Sample SMG Data Set) is an example of the portion of the 
Surface Weather Analysis provided in the data set. 
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TOTAL AMOUNT OF SKY COVERED (4/8) 

AIR TEMPERATURE (DEG CELSIUS) 

WIND DIRECTION AND SPEED 
(290 DEC 10 KTS) 

TYPE OF WEATHER (RAIN SHOWER) 

DEWPOINT TEMPERATURE (DEG CELSIUS) 

SEA WATER TEMPERATURE (DEG CELSIUS) 
TYPE OF LOW CLOUD (CIWULUS) 

SHIP'S INTERNATIONAL CALL SIGN 



TYPE OF H1CH CLOUD (CIRRUS) 

TYPE OF MIDDLE CLOUD (ALTOCUMULUS) 

SHIP MOVEMENT (NORTHEAST 20 KTS) 

PRESSURE (1018 MILLIBARS) 

PRESSURE CHANGE AND TENDENCY PAST 3 HRS 
(PRESSURE LOWER BY 1.3 Mb FALLING THEN 

RISING) 

SEA (PERIOD 3 SECONDS, HGT 1/2 METER) 

SWELL (FROM 200 DEC, PERIOD 8 SECONDS. 
HEIGHT 6/2 METERS) 


Figure 4-12. Ship Weather Plotting Model 
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Figure 4-13. Weather Analysis Symbology 
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4. 6. 3. 3 Satellite Photographs . Weather satellite photographs depict the inf 
grated effects of all atmospheric processes, and are particularly useful in 
making cloud cover determinations as well as inferring areas of precipitation. 
Low level cloud movement routinely analyzed from satellite pictures is helpful 
in estimating sea-level winds over the calibration area and other areas of 
interest. These photographs are taken by the NOAA Synchronous Meteorological 
Satellites (SMS) and the Polar Orbiting Meteorological Satellites and will be 
included routinely in the SMG Ground Truth Data Set. (Examples of other related 
satellite photographs are included in the Data Source Catalog, Section 8.) 

4.6.3. 3.1 Synchronous Meteorological Satellites (SMS) . The SMS-1 and SMS-2 
are located approximately 22,000 nautical miles over their sub-points on the 
equator 75 degrees and 115 degrees west longitude, respectively. At this alti- 
tude, the orbital period is 24 hours and the satellites remain stationary with 
respect to the earth’s surface. At present, available products include: 

a. Visual - full-disc 4 run, 2 nm and sectors of 1 ran resolution. 

Resolution of 1/2 nm is only available when requested in advance. 

b. Infrared - full disc 4 nm resolution. 

4. 6. 3. 3. 2 Polar Orbiting Meteorological Satellites . At the time of this 
writing, NOAA-4 is the operational polar orbiting meteorological satellite. 

It crosses the equator from north to south at approximately 0930 Eastern 
Standard Time and makes 12 revolutions per day. Pictures are stored on tape 
until the satellite comes within range of one of three readout stations. 

Storage capacity for the Very High Resolution Radiometer (VHRR) is limited 
to 9 minutes. However, most of the U.S. can be covered by direct, readout. 
Photographic products include; 

a. Visual - day visible 2 nm resolution. VHRR visible photographs 
are only available when requested in advance. 

b. Infrared - day and night 4 nm resolution. IR 1/2 nm resolutions 
are only available when requested in advance. 
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4.6.4 SAMPLES OF OTHER SMG CALIBRATION PRODUCTS . This section contains samples 
of typical meteorological and other related products provided by the SMG to the 
calibration effort. These products, supplied in both graphical and tabular 
form, will include the following: 

■ Figure 4“ 14 36 Hour Wind Wave Forecast 

• Figure 4-15 Northern Hemisphere Average Snow and Ice Boundaries 

• Figure 4-16 Weekly Data Buoy Status Report 

4.6.5 DESCRIPTION OF OTHER SMG CALIBRATION PRODUCTS . Subsequent paragraphs in 
this section present a brief description of other products being provided by 
SMG for the calibration. 

4. 6. 5.1 Computer-Produced Meteorological Products . The following computer- 
produced meteorological products will be made available routinely by the 
Satellite Meteorological Group to the NASA Wallops Station. The Wind Wave and 
Combined Sea State Forecasts and Constant Pressure Charts have been mathemati- 
cally modeled and programmed for operational use. 

4. 6. 5.1.1 Combined Sea State and Wind Wave Forecasts . Combined Sea State 
Forecasts and Wind Wave Forecast, Figure 4-14, are computed by utilizing wind 
field inputs obtained from surface weather charts over a broad ocean area, and 
by considering as a function of time, the sea state can be estimated. Wind ob- 
servations and observed sea state data from surface ships can be entered to re- 
inforce the mathematical solution. The output is a series of charts of sea 
state (in terms of significant wave height) contours over the area at discrete 
time increments (usually 12 hours). 

4. 6. 5. 1.2 Wind Wave Analysis . The Wind Wave Analysis is a basic analysis 
derived from pressure fields. It is used as a "first guess" in the preparation 
of the 36-Hour Wind Wave Forecast. 
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Figure 4-14. 36-Hour Wind Wave Forecast 




Figure 4-15. Northern Hemisphere Average Snow 
and Ice Boundaries 
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TH 


For Period: November 22, 1974 18Z to November 29, 1974 12Z 


Buoy 


Location 


Operational 

Status 


Synoptic Buoy Reports Received 

Not 

Transmitted 

Transmitted 

Total 

% Rec'd of 
Total Req’d 



EB01 1 

EB02 1 


36°30.0'N 

73°30.0 , W 

47°00.0’N 

131°00.0’U 


Out-in-Port Deployment is scheduled for December 3 or 4. 


Out-in-Port 


The buoy lUtat Seattle, Washington; it was extensively damaged and may 
be unrepairable. 


EB03 1 

' 56°00.0 , N 
148°00.0'W 

In 

Buoy is in position but not 
this week. 

yet moored. 

It should begin reporting 

EB12 1 

26°00.0'N 

94°00.0 , W 

In 


56 

56 

100% 

EB13 1 

32°18.6’N 

75°14.5'W 

In 


56 

56 

100% 

EB32 2 

27° 18. 6 'N 
84°00.3'W 

In 

Pressures deleted. 

22 

28 

79% 

EB33 2 

58 <> 36,0 , F 

141°00.0’W 

In 


52 

✓ 

56 

93% 

EB61 2 - 

25°36.0 1 N 

84°24.0 f W 

In 


1 

28 

4% 

EB62 2 

29°00.0 T N 

85°36.0 T W 

In 


28 

28 

100% 

ALPHA 

35°00.0 , N 
155*00. O’W 

In 

No reports received as yet. 




1 High Capability Buoy 

S 





2 Limited Capability Buoy 


Figure 4-16. Weekly Data Buoy Status Report 
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4.6.5.x. 3 Constant Pressure Charts . The 850 mb, 700 mb, 500 mb, 300 mb, and 
200 mb Constant Pressure Charts will be included as meteorological calibration 
products applicable to the refraction error effort. 

4. 6. 5. 2 Northern Hemisphere Average g now and Ice Boundaries . Figure 4-15, an 
analysis of average snow and ice boundaries, will be Included in the SMG Data 
Set. 

4. 6.5.3 Data Buoy Status Report . An operational status report of deployed 
environmental data buoys, Figure 4-16, will be supplied each week as an SMG 

calibration product. 

4. 6. 5. 4 Other Data Sources . Other data may be obtained months after the fact 
from the NOAA Environmental Data Service at Asheville, North Carolina and other 
sources listed in Section 8.0, Data Source Catalog. 

4.6.6 SEA STATE ANALYSIS . A sea state evaluation is derived from an analysis 
of both wind field and ship reports of observed sea heights and periods as found 
on standard meteorological surface weather maps. The sea state and swell evalua- 
tion procedures described '.n subsequent paragraphs of this section are the tech- 
niques h will be used in the SMG sea state analysis. They have been derived 
from H. v , Publication No. 604 "Techniques for Forecasting Wind Waves and 
Swells". 

4. 6. 6.1 Sea State Evaluation . Weather charts for the past 24 to 36 hours, and 
longer when necessary, are examined, keeping in mind the basic relationships 
regarding the effect of wind action on the water surface. For each of a number 
of points along the ground track, the effective wind, duration, and fetch are 
estimated. These values are used to obtain specific sea heights and periods. 

In the case of a fully arisen sea. Table 4-6 may be used. Figures 4-17 and 
4-18 are utilized where a non-fully developed sea has occurred or is expected. 
Where wave height development is limited by the length of the fetch, as for 
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TABLE 4-6. REVISED WIND AND SEA SCALE FOR FULLY ARISEN SEA** 



HURRICANE* 


FOR HURRICANE WINDS (AND OFTEN WHOLE GALE AND STORM WINDS) REQUIRED DURATIONS AND FETCHES ARE RARELY ATTAINED. 
SEAS ARE THEREFORE HOT FULLY ARISEN. 

REVISED DECEMBER 1964 by t. Mosltovitc, and W. Pteroon. 
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Figure 4-17. Fetch in Fautical Miles as a Function of 
Minimum Duration and Wind Speed 
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Figure 4-18. Wave Height and Wave Period as Functions of 
Duration of Wind and Wind Speed 




winds blowing from a coastline, or where there is a sharp change of wind direc- 
tion at a weather front, a reduced equivalent duration is used with the effective 
wind to obtain the sea height. 

4. 6 . 6 . 2 Swell Evaluation . An evaluation of swell conditions in an area of 
interest can be performed by: 

a. Analyzing available reports of actual swell heights and periods 
made by shipboard observers. 

b. Calculating swell heights and periods by tracking waves from 
distant sources. 

In most cases, a combination of the two approaches is used. In the latter 
technique, the significant sea height and period are determined for each of the 
generating areas using the procedures explained in paragraph 4. 6.6.1. These 
parameters, with an estimate of the decay distances, are entered into the nomo- 
graph (shown in Figure 4-19) to obtain the swell heights and periods which may 
affect the area of interest. If swells from more than one generating area are 
active, the combined swell height is computed using the formula 



where and 82 are the individual swells. 

4.6.7 SEA STATE OBSERVATION AMD MEASUREMENTS . Actual wave measurements are 
rare, and are usually limited to a few reports from data buoys, offshore oil 
rigs, and deep-water recorders of special interest groups. Reported wave heights 
over the vast ocean areas consist almost entirely of subjective estimates made by 
shipboard observers. Many factors cause irregularities in reported wave heights, 
such as the size of ship, tht observer’s experience, and the differing visibil- 
ities for day and night observations . Wave heights at night are often based on 
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Decoy distcnce, D, in nout miles 

^ WAVE PERIOD AT END OF DECAY DISTANCE, TRAVEL TIME, AND RATIO BETWEEN WAVE HEIGHT AT END OF DECAY 


DISTANCE AND AT END OF FETCH AS FUNCTIONS OF DECAY DISTANCE AND WAVE PERIOD AT END OF FETCH 


I 


Figure 4-19. Sea State Parameters as Functions of Decay 
Distance and Wave Period at End of Fetch* 


the wind speed at the time of observation, which may or may not be represent- 
ative of wave conditions. Wave observers report what is called the "significant 
wave height" 5 this is the average height of the highest 1/3 of the waves observed 
while taking the observation. The wave period reported is the average period of 
the waves observed passing a fixed point during the time of observation. In a 
similar manner, swell height and period are reported when observed. 

4.6.8 DEFINITION OF SEA STATE TERMS . Table 4-7 is a list of definitions of 
basic technical terms used in sea state observation and analysis. 
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TABLE 4-7 . BASIC SEA STATE DEFINITIONS 


0 O 

If 

§ *V 

§1 


1. Combined Sea Height/ - 
Combined Sea State - 


The combined effects of bath sea and swell 
(the results of the Interaction of both sea 
and swell at any given point}* 


Z. Decay Distance - 


3. Duration - 


The distance a wave travels as swell after 
leaving the fetch or generating area to the 
point of interest. 

The length of time the wind blows in essen- 
tially the sane direction aver the fetch. 


4, Fetch - An area af the sea surface Over which seas 

are generated by a wind having a constant 
direction and speed. 


5. Fetch Length - Tito horizontal distance (in the direction of 

the wind} aver which n wind having a con- 
stant direction and speed, generates a sea. 


6- Fully Developed (arisen) - The fully dove loped (arisen) state of the sen 

is the state which the sea reaches when the 
wind has imparted maximum energy to the waves. 


7. Hon-Fully Developed - 
State of tho Sea 


B. Sea -/Sea State -/ 
State of the Sea - 


The non-fully developed state of the sea is 
tho state of the oea reached when the fetch 
or duration has United the amount of energy 
Imparted to tho waves by the yind. 

A mmorical or written description of ocean 
surface roughness. It Is a description of the 
wind driven wave over the generating area. For 
precise usage, sea stats nay be defined as the 
average height of the highest one third (1/3 Q) 
of tho waves observed in a wave train, refined 
to a numerical code sec Rvllv in ship’s weather 
observation code. Appendix D- 


9. Significant Wave Height — The average height of the one— third highest 

waves observed ot a fixed point during the 
time of observation. 


10. Significant Wave Period - An arbitrary period taken as the average pe- 

riod oi the one-third highest waves that pass 
a fixed point during tho time of observation. 

11. Swell - Ocean waves which have traveled out of their 

generating area. Swells characteristically ex- 
hibit a more regular and longer period and have 
flatter crests titan waves within their fetch. 


12. Travel Time - 


13. Wave Height - 


14. Wave Length - 


15. Wave Period - 

16. Wave Train - 

17. Wave Trough - 

18. Wind Speed - 


The time necessary for waves to travel as 
swell a given distance front the generating sea 
to the point of interest. 

The vertical distance between a wave crest and 
the preceding trough, reported In half meter 
increments. 

The 'Mistoncc-between-creste-of-two-8uccesslvo- 
periodle-wave" measurements in the direction 
of propagation in ceters (cot reported in 
observation). 

The time. In secondo, required for two succes- 
sive wave crests to pass a fixed point. 

A scries of waves moving in the some! direction. 

Tho lowest point on the water surface between 
Successive wave crests. 

The scalar quantity of tho wind, expressed in 
Itnnto. 



5.0 INVESTIGATOR DATA PACKAGE 


5.1 GENERAL . 

The Investigator Data Package (IDP) will contain all available ground 
truth data gathered as a result of the Phase B calibration effort. Addition- 
ally, the package will very likely contain information that differs from that 
of the CDP. Ground Truth data collected by the Nanosecond Radar, Laser Pro- 
filometer, and other aircraft instrumentation will be made available upon re- 
quest to the Principal Investigators. Not all of this data may be in 
processed form, however. 

5.2 PURPOSE OF IDP . 

The basic purpose of the IDP is to make available to the Principal In- 
vestigators all Ground Truth data collected and processed during the Phase B 
calibration effort as well as any secondary information of possible interest 
which may have been gathered during the course of these operations or that 
has been received from other data sources. It is again emphasized that the 
GEOS-C program is not oblignt-' 1 to completely process all collected data nor 
is it committed to making further investigative efforts on behalf of the 
Principal Investigators to obtain data not presently available, or which may 
still not be available after the completion of the calibration efforts. 

5.3 CONTENTS OF IDP . 

The IDP is basically a compilation of raw (unprocessed) data taken dur- 
ing the Phase B calibration. In addition, elements of the CDP are available 
for inclusion in the IDP. Ground Truth information contained in the IDP can 
be briefly summarized as follows: 


• Unprocessed Data 


- Nanosecond Radar (NR) 

- Laser Profilometer (LP)* 


C-130 aircraft will be flying for NOAA/AOML in support of NOAA investigators. 
NOAA will make collected in LP data available to Wallops upon request. 
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- Refraction Data Magnetic Tape 
~ Miscellaneous Weather Charts 

- Other Aircraft Instrumentation* 


• CDP Elements 


* Some of the Instruments will be used for specific NRL experiments and thus 
are not considered a true part of the Ground Truth IDF. (See list of 
aircraft instrumentation in Section 7.) 
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6.0 GROUND TRUTH OPERATIONS 

6.1 INTRODUCTION . 

The Ground Truth Effort for GEOS-C is aimed at providing the Altimeter 
Experiment Manager with a Calibration Activity Ground Truth Data Package. 

The ground truth effort will be conducted during initial altimeter calibra- 
tion and during continuing spot check calibration of the altimeter. Initial 
calibration will be accomplished within the scheduled Phase B period. During 
this period, a concentrated effort will be made to obtain the complete spec- 
trum of sea states up to 10 meters (H as we ^ as to assimilate other 

related data. The spot check calibration is planned for once-per-month in- 
tervals for the remaining mission lifetime. 

When possible, in-situ measurements will be performed by buoys or ships 
and used as reference or calibration check-points for comparisons with simul- 
taneous remote measurements made from aircraft. Such simultaneous measure- 
ments would be most desirable if made on the satellite subtrack; however, 
even nearby simultanr us (aircraft in-situ) measurements are preferred to 
having no comparison measurements at all. 

The scope of the ground truth effort is extensive and is not limited to 
the NASA aircraft. As previously mentioned, the Ground Truth effort will 
involve NOAA and DOD as well as NASA. A Wallops Flight Center project en- 
gineer assigned to this activity will work in close coordination with the 
Ground Truth Operations Manager to ensure ground truth data acquisition and 
dissemination in compliance with GEOS-C Project requirements. 

The Wallops C-54 has been scheduled to provide 300 hours of support, 
approximately 200 hours of which will be utilized during the Phase B cali- 
bration effort, with the remaining 100 hours to be used for monthly spot 
check calibration. For every 100 hours of flight time accumulated, it is 
planned to schedule 5 days down-time for routine maintenance. 
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Computer programs are available which generate satellite position informa- 
tion in latitude/longitude versus time. These predicts will be available at 
least two weeks in advance of mission support. In addition, sufficient lead 
time will be allowed for filing flight plans and for preparing the crew, 
aircraft, and Instrumentation systems. 

As stated previously, it is desired to obtain ground truth data on the 
complete spectrum of sea states up to 10 meters. In order to obtain data on 
the higher sea states, it may be necessary to travel to Newfoundland, for ex- 
ample, and operate several days from this f, home base". 

Generally, certain conditions must prevail to create various sea states. 
Figures 6-1 and 6-2 show the probabilities of occurrence of various sea 
states for a point in the calibration area and a point in the North Atlantic. 
These curves show that a good portion of the sea states should be obtainable 
by flying out of Wallops or Bermuda; however, it is expected that at least 
two five-day missions to the North Atlantic will be required. These missions 
will' most likely be flown out of St. Johns, Newfoundland or other points in 
the North Atlantic, if necessary. 

The Program will depend heavily upon SMG weather forecasting informa- 
tion for guidance in avoiding severe atmospheric conditions which might 
result in mission abortion or otherwise hinder flight operations (particu- 
larly for the North Atlantic missions); thus needless expenditure af fuel, 
funds, and other resources can thereby be prevented. The availability of 
such forecast data will also, in many cases, permit long-range determina- 
tion of the potential for development of the higher sea state conditions. 

6.2 GROUND TRUTH SAMPLING CONSIDERATIONS . 

Since in-situ data for ground truthing sea state and other parameters 
for GEOS-C are required, a question was raised concerning area size for 
correlation with altimeter data. The primary concern here was to determine 
the number of times the GEOS-C ground crack passes through a given size 
area. 
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Figure 6-1. Sea State Probabilities (32.5°N; 67.5°W) (Calibration Zone) 



Figure 6-2. Sea State Probabilities (North Atlantic; 47.5°N, 42.5°W) 
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The WASP (Wallops Altimeter Schedulin' Program) was utilized for the 
purpose of determining the number of GEOS-C passes that could he observed 
over specified periods of time from simulated stations at seven different 
latitudes and from seven different coverage area sizes at each of these 
latitudes. The latitudes of observation were 0, 20, 30, 40, 50, 60 and 
65 degrees. The diameters of the coverage areas at each of the latitudes 
were 25, 50, 100, 200, 500, 1000 and 2000 kilometers. 

WASP was set-up to generate the GEOS-C orbital ephemeris at a rate of 
one second. An elevation angle cutoff constraint was input to WASP to con- 
trol the cross-sectional area of the cone through which GEOS-C would have 
to pass to correspond with the desired ground area. See Figure 6-3. When- 
ever GEOS-C was computed to pass through this cone of observation, the time 
and station ID were written onto a save-tape. Figure 6-3 depicts the geom- 
etry of a single-station situation with d being the diameter of the coverage 
area, £ is the minimum elevation angle, and h is the satellite height above 
the spheroid. 

A FORTRAN program was written which accepts as an input the WASP save 
tape, and puts out a count of the number of GEOS-C passes through the obser- 
vation cone. 

The 49 areas covered (7 diameters, 7 latitudes) were tabulated by the 
program for five twenty-four periods (5 days) , one twelve hour period at the 
end of the five twenty-four hour periods for an accumulated period of 

5.5 days, then for eight additional twenty-four hour periods for a total of 

13.5 days. 

A graphical presentation of the number of passovers at each of the 
latitudes over the period of 13.5 days is depicted in Figure 6-4. It may 
be observed that at latitudes less than 50 degrees, the minimum diameter 
area which should be considered for ground-truth is 200 kilometers. 
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The GEOS-C ground track very near iy repeats itself every 4.5 days. The 
accumulative results shown in Figure 6-4 may be extrapolated for longer periods 
of times; e.g., twice as many passovers will occur in 27 days. 

6.3 AIRCRAFT GROUND TRUTH OPERATIONS . 

This section provides the reader with a general description of aircraft 
operations anticipated for ground truth data acquisition. An exact and de- 
tailed "supplement" will be issued for each aircraft flight in sufficient time 
prior to the flight to provide adequate preparation. These supplements will 
contain such detailed information as arrival times at points of interest, 
flight headings, data acquisition time periods, instrumentation usage, etc. 

Only one C-54 aircraft from the Wallops Flight Center is being considered 
for ground truth support; i.e., the aircraft which has both the Laser Profil- 
ometer and the Nanosecond Radar, has a cruising speed of 150 knots and has fuel 
capacity which allows up to 12 hours continuous flying time. Missions will be 
planned to require a maximum of six hours flying time to preclude the need for 
two crews, if at all possible. 

Aircraft support for the GEOS-C Mission is presently planned to include 
three general flight profiles (I, XI, III) to obtain the desired spectrum of 
sea states. Modification of these profiles will include flight paths oriented 
to obtain data aligned with, and transverse to, surface winds (upwind, down- 
wind, crosswind) and flight paths designed for data collection to accomodate 
special requirements. These profiles are described In the following three 
paragraphs . 

6.3.1 CLASS I PROFILE . Figure 6-5 typifies a Class I flight operation. 

Flights of this type will originate and terminate at the same home base 
(either Wallops Island, Bermuda, or the North Atlantic base station) . The 
aircraft will fly from "home base" to a given position and then fly a sub- 
satellite track beginning and ending at giver, positions before returning to 
home base. A special case of this is presented in the discussion of pass- 
overs contained in Secticn 6,2. 
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Figure 6-5 . Class I Profile 


6.3.2 CLASS IX PROFILE . A Class II Flight Profile is shown in Figure 6-6. 
The difference here is that the aircraft does not return to the same home 
base. Between bases, the aircraft will fly a sub-satellite track with be- 
ginning and ending positions. An operation of this type could occur between 
any two of the home bases. It is expected that most Class II operations, 
however, will occur between Wallops Island and Bermuda. 



Figure 6-6. Class II Profile 
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6.3.3 CLASS III PROFILE . A typical Class ill profile is shown in Figure 6-7. 
The major constraint here is that two flights will occur (both out of the same 
home base) in order to obtain data at the North/South and South/North sub- 
satellite crossing points. In the case in which the home base is either 
Wallops or Bermuda, the two flights will occur approximately 10 hours apart. 

If the home base is moved further North, the time separating the two flights 
decreases to only 100 minutes at a latitude of near 65°. 

s 


N / 



at latitudes near 65“.) 

Figure 6-7. Class III Profile 

6.3.4 GEOS-C PRE-LAUNCH ACTIVITIES . Prior to the launch of GEOS-C, three 
basic experiments are being undertaken by NRL to further solidify relevant 
Ground Truth measurement techniques and principles and to demonstrate opera- 
tional readiness. 

a. Atmospheric Range Correction Experiments 

This experiment Involves the upward-looking passive microwave 
radiometers at 22 GHz and 31 GHz; a microwave refractometer; and 
aircraft measurements of temperature, pressure, and water vapor 
content. 
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b. 


Range Bias Experiments (Sea State) 


These experiments involve collecting nanosecond radar and 
laser data over a variety of sea states to (1) quantify the rela- 
tionship between ocean-wave height, the radar pulse rise time, 
aiid the range tracker bias; (2) establish the spatial filtering 
effects due to the finite sizes of the beam spots of the radar 
and laser. 

c. Surface Wind Field Experiments 

These experiments use two-frequency (13 and 19 GHz) , nadir- 
looking passive microwave radiometers which are sensitive to the 
sinall-scale sea surface roughness induced by the surface wind 
fields and the ground speed and true air speed provided by the 
Inertial Navigation System. The objective is to relate the 
radiometer response with surface wind fields and with the laser 
and nanosecond radar sea-state data. 

6.3.5 SPECIFIC IN-FLIGHT OPERATIONS . Wallops Flight Center's C-54 aircraft 
will generate a data package for each GEOS-C flight support mission. Upon 
return to the Wallops Flight Center, all data will be off-loaded and given 
to the Wallops Flight Center Project Engineer ^ho will be responsible for 
data pre-processing and raw data as well as pre-processed data distribution. 
Magnetic tapes will be copied and disseminated with the originals being main- 
tained in the Wallops Flight Center Archives. 

6. 3. 5.1 Nanosecond Radar (NR) . It is planned to take seven files of data 
with the nanosecond radar at an altitude of approximately 3200 meters 
(10,000 feet) during a mission. The nanosecond radar is configured such 
that each time it is turned on it takes one file (approximately 91 seconds) 
of data. Seven files fill one magnetic tape and thus require about 
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10-1/2 minutes. The first and seventh NR data files will be instrument cali- 
bration data sets. The five files in between will contain measurements of 
sea state. The first data file, which is a calibration file, will be taken 
at 3200 meters just prior to coming into position over the satellite ground 
track. Immediately following, five continuous sea state data files will be 
taken along track in the direction of the pass. After the sixth file, the 
plane can begin its descent to 500 feet for the laser profilometer work. 
During the descent, the seventh (last calibration file) nanosecond radar 
data set is taken, 

A second mode of operation is possible with the nanosect nd radar. In 
this second mode of operation, the nanosecond radar can be used as a pulse- 
length-limited wave profilometer. To do this, it is required that the air- 
craft altitude be as low as practicable. For an altitude of approximately 
150 meters (500 feet), the spot-size is approximately 7 meters. Because of 
the totally different character of data available in each mode of operation, 
present plans are to utilize both flight geometries. Thus, NR data will 
also be taken simultaneously with the LP data at 150 meters. 

6.3.5. 2 Laser Profilometer (LP) . Following the descent to 150 meters 
(500 feet) , the aircraft will turn around and fly back along the track 
(against the direction of the satellite pass) while the laser profilometer 
is being set up. When the LP is ready, the aircraft will fly four minutes 
directly upwind and four minutes directly downwind while taking continuous 
LP data. During turns, maneuvers, etc., the LP recorder (see Figure 7-2) 
will be turned off in order to avoid possible contamination of data. Cn 
selected flights, 4 minutes of crosswind and/or along-track data will also 
be taken. 


6. 3. 5. 3 Measurement Cells . In terms of surface wind fields and ocean sur- 
face roughness, the ocean surface is to be considered the same or homogeneous 
over a "measurement cell". A measurement cell for GEOS-C purposes is being 
defined as a circle on the surface having a 50 nm diameter. It is desired 
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Co collect at least one measurement cell of data on each side of the cross- 
over point along the sub-satellite track. In this manner, variations in 
measured quantities can be qualified in terras of changes or uniformity in 
sea surface condition. However, flight operational problem exists if one 
attempts to not only cover several measurement cells but attempts to obtain 
off-track data for either microwave or wind speed determination studies as 
well. Such flights would be too time consuming. To preclude this constraint, 
nanosecond radar data will be collected in several measurement cells on the 
way out to the sub-satellite path and on the return flight to home base to 
satisfy the data requirements of both NASA and DOD, 

6. 3. 5.4 Magnetic Tape Requirements . From a typical flight, one complete 
digitized magnetic tape of NR data at 3200 meters will -be produced. Also, 
one digitized tape at 150 meters altitude will contain multiplexed NR and 

LP data (the LF data is recorded on track 4) . When certain missions require 
crosswind LF data as well as upwind/ downwind data, a third tape will be 
required. During other special missions a fourth tape with NR data could 
also be produced at 3200 meters due to the requirements explained in the 
previous paragraph. 

6. 3. 5. 5 Inertial Navigation System (INS) . This instrument can be used opera- 
tionally to determine the starting and ending points, ground track, etc., for 
the data runs. For ground truth data, it is planned to combine the INS with 
air speed sensors to obtain data for removing true airspeed error from wind 
data. These data will be taken simultaneously with LP data. 

Other supporting aircraft information will include the following: 

a. The dead reckoning plot of the entire flight; 

b. Smooth plot of the flight path over the sub-satellite track as 
generated Item such navigation instrumentation as LORAN-A, etc.; 

c. Time log of all pertinent events such as turns, altitude changes, 
equipment operation, etc. 
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6.3.6 TYPICAL AIRCRAFT FLIGHT SCHEDULE . A schedule indicating typical 
flight activity in support of GEOS-C Altimeter Calibration/Evaluation actiV' 
ity appears in Table 6-1. The pattern of satellite passes through the 
Calibration Area closely repeats each 9-day period. It can be seen that it 
is possible to schedule two flights per day with sufficient regularity to 
achieve forty Altimeter Calibration attempts during the first two-month 
period. 
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TABLE 6-1. TYPICAL PLIGHT SUPPORT SCHEDULE 


Day 

Home Base 

Depart. Time 

ACS Return Time 

Total Time 

Class 

Aircraft Time 

1 

BDA 

22:00 

00:00 

03:00 

5.0 hr. 

3 

5.0 hr. 

1 

EDA 

08:00 

09:45 

12:00 

4.0 hr. 

3 

9.0 hr. 

2 

BDA 

23:30 

23:50 

01:00 

1.5 hr. 

3 

10.5 hr. 

2 

BDA 

09:00 

09:30 

11:00 

2.0 hr. 

3 

12.5 hr. 

3 

No Flight 







4 

WFC 

00:00 

01:00 

02:30 

2.5 hr. 

3 

15.0 hr. 

4 

NFC 

07:30 

10:30 

13:30 

6.0 hr. 

3 

21.0 hr. 

5 

WFC 

22:00 

00:30 

03:30 

5.5 hr. 

3 

26.5 hr. 

5 

WFC • 

08:00 

10:30 

13:30 

5.5 hr. 

3 

32.0 hr. 

6 

WFC 

20:00 

00:30 

02:00 

6.0 hr. 

2 

38.0 hr. 

6 

BDA 

09:00 

10:00 

12:00 

3.0 hr. 

1 

41.0 hr. 

7 

No Flight 







8 

No Flight 


Return to WFC 


5.0 hr. 


46.0 hr. 

9 

WFC 

23:30 

01:30 

04:30 

5.0 hr. 

3 

51.0 hr. 

9 

WFC 

08:30 

11:00 

13:30 

5.0 hr. 

3 

56.0 hr. 

10 

WFC 

21:30 

01:00 

03:30 

6.0 hr. 

2 

62.0 hr. 

11 

BDA 

00:30 

01:00 

02:30 

2.0 hr. 

3 

64.0 hr. 

11 

BDA 

09:30 

10:30 

12:00 

2.5 hr. 

3 

66.5 hr. 



TABLE 6-1. TYPICAL FLIGHT SUPPORT SCHEDULE (Cont'd) 


Day 

Home Base 

Depart. Time 

ACS 

Return Time 

Total Time 

Class 

Aircraft Time 

12 

Ho Flight 

Return to WFC 


5.0 hr. 


71.5 hr. 

13 

WC 

00:00 

02:00 

05:00 

5.0 hr. 

3 

76.5 hr. 

13 

WFC 

09:30 

11:30 

14:30 

5.0 hr. 

3 

81.5 hr. 

14 

WFC 

23:45 

01:45 

05:15 

5.5 hr. 

2 

87.0 hr. 

15 

BDA 

00:00 

01:30 

03:00 

3.0 hr. 

3 

90.0 hr. 

15 

EDA 

09:30 

11:00 

01:30 

4.0 hr. 

3 

94.0 hr. 

16 

No Flight 

Return to 

WFC for 

Overhaul 

6.0 hr. 


100.0 hr. 

17 

No Flight 







18-21 

Aircraft Maintenance 








7.0 AIRCRAFT INSTRUMENTATION 


The Laser Profilometer and Nanosecond Radar will be the prime calibration 
data sources. Ground truth experience gained from the Skylab altimeter pro- 
gram has demonstrated the firm requirement for wide-area data collection. In 
a number of passes, significant ground truth variations were encountered over 
distances of 100 kilometers . For this reason, aircraft overflight is felt to 
be the only feasible approach to acquisition of the needed calibration data. 

In a strict sense, however, the aircraft instruments are themselves re- 
mote sensors, and periodic cross-comparisons with an in situ sensor will be 
made where possible. When possible, these in-situ measurements will be ob- 
tained from a NOAA environmental buoy located off the east coast of the United 
States, For further information regarding these buoys, refer to Section 8.0 
of this document. 

7.1 NANOSECOND RADAR . 

The Nanosecond Radar used in the Wallops C-54 aircraft is an X-band radar 
designed and built by the Naval Research Laboratory* Figure 7-1 shows a sim- 
plified block diagram of the radar system. 

The pulse generator drives an LSA transmitter which emits a 50 watt peak, 

2 ns wide, gaussian-envelope pulse. The 24 dB transmitter and receiver horns 
(8.7° beamwidth) are mounted side by side and look at nadir through a port cut 
in the bottom of the fuselage of the aircraft. The received signal is ampli- 
fied at RF and fed directly Into a diode detector with a very fast response 
time. The detector output is displayed on the sampling scope (Channel B) whose 
storage also permits analog-to-digital (A/D) conversion for recording on digi- 
tal magnetic tape. Part of the transmitted pulse Is coupled out, detected, 
and fed into channel A of the sampling scope to he monitored. The control 
unit programs all the control signals and synchronization of the RF signals. 

The transmitter operates at 10 GHz with a PRF of 90 kHz. Because of the 
sampling scope technique, the output display rate is 90 Hz. At the beginning 
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Figure 7—1* C-54 Aircraft Nanosecond Radar, Simplified Block Diagram 


7-2 
















of each data sweep, seven external channels are sampled followed by 160 data 
points from the sampling scope. In a typical display, the 160 sample points 
would cover a 100 ns time interval for a radar range window of 15 meters and 
a range quantization of 9.37 cm (or 0,625 ns). 

The A/D converter is triggered at a 15 kHz rate, one sixth the transmit- 
ter FRF. Each output waveform is a composite formed from the returns of a 
large number of transmitted pulses. This distinction generally will not be 
made and the output waveforms will be referred to as "pulse returns" with the 
transmitter being thought of as having an effective FRF of 90 Hz. 

7.2 LASER PROFILOMETER . 

The Laser Profilometer used in the Wallops C-54 Aircraft is a commercial 
unit built by Spectra-Physics to operate with passive targets. The system 
can be installed in the aircraft in about one-half day. The light source is 
a Helium-neon CW gas laser using 24 milliwatts of power. The beam divergence 
is less than one-tenth milliradian, resulting In a spot diameter reflecting 
telescope, which collects part of the reflected signal. The received signal 
is converted to an electrical signal which is amplified and phased compared at 
the modulation frequency to the transmitted signal. The measured phase delay 
provides a very accurate determination of the distance to the target. The 
static accuracy of the laser profilometer system is 3 cm. Experience with the 
laser profilometer indicates that an aircraft operating altitude of 1,000 feet 
or leas is required for reliable data acquisition. 

The spatial resolution achievable with a laser profilometer is dependent 
on the system optics in the plane transverse to the ground track and on the 
system response-time and aircraft speed in the along-track plane. If a pro- 
filometer with an assumed response time of 100 milliseconds Is flown at a 
velocity over a stationary corrugated surface, the minimum wave length detect- 
able, is given by - v x 0.01 sec or 0.83 meters for an aircraft speed 
of 300 km/hr (162 knots) . 
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7.3 ADD IT TONAL INSTRUMENTATION . 

As indicated previously, the Nanosecond Radar and Laser Erofilometer will 
be the prime instrumentation to be used by NASA Wallops and the DOD (NRL) for 
aircraft data collection; however, other instruments will be used on various 
missions to provide supporting data. These are: 

• Inertial Navigation System (LTN-51, with True Air Speed Unit) 

• Precision Radiation Thermometer (Barnes PRT-5) 

• Multi-frequency Passive Microwave Radiometers (NRL) 

• Dew Point Hygrometer (Cambridge) 

• Outside Air Temperature Indicator (YSI) 

• Microwave Refractometer (Electromagnetic Research Corp.) 

• 35 mm Strip Film Camera 

• Downward-Looking Passive Microwave Radiometers (NRL) 

Appendix C of this document shows the location of both prime and secondary in- 
strumentation aboard the C-54. The following paragraphs describe the above 
instrumentation for which information was available at the time of this 
publicati>n, 

7.3.1 INERTIAL NAVIGATION SYSTEM (LTN-51) . The Inertial Navigation System 
(INS) uses aircraft acceleration measurements to continuously compute air- 
craft velocity and change in present position. These measurements are made 
by precision inertial devices, mounted on a three-axis stable element which 
is part of a four-ginhal structure. Using four gimbals, the unit has 360 de- 
grees of freedom about the three axes. Two gyros are used primarily to maintain 
the stable element level with the earth's surface and aligned to true North 
to measure pitch and roll attitude. ' With a gyro-stabilized platform, it is 
possible to accurately detect the desired components of motion and distance 
in any direction using precision accelerometers, integrators, and analog com- 
puters. Three accelerometers mounted on the stable element supply output 
signals proportional to total accelerations experienced along computers to 
furnish velocity and distance information for use in providing horizontal and 
vertical velocity and change in present position. 



The INS has a magnetic tape recorder with Inputs for Latitude and Longi- 
tude. Data are recorded every 1 second. Analog voltages are available for 
pitch, roll, and vertical acceleration. These can be recorded directly or 
digitized and recorded on the magnetic tape. Correlation with time is accom- 
plished by input to the magnetic tape unit from the time code generator. Data 
such as crosstrack error, ground speed, heading, etc., are displayed on the 
INS Control and may be recorded by the operation, if desired. 

7.3,2 PRECISION RADIATION THERMOMETER (BARNS FRT-5) . This instrument measures 
apparent radiation in the 8 to 14 micron range. It consists of two units: a 

power supply /control unit/indicator mounted on the operator's console, and an 
optical unit mounted in the sensor bay. The PRT-5 has a field of view of 2° 
and a response time of 5 milliseconds. Incoming radiated energy is continu- 
ously compared to an internal reference and converted to a voltage which is 
directly related to the energy difference between the target and the reference. 
This voltage is displayed on the indicator as equivalent black body temperature, 
to an accuracy of 0,5°C. Output voltage is amplified to 0 to 5 VDC for each of 
the three scales (-2G°C to +15°C, -KLO°C to +45°C, +40°C to +75°C) and then 
multiplexed with the total air temperature and the Dew Point Hygrometer for one 
track magnetic recording. 

The instrument will operate within an environmental temperature range of 
-20° to +40°C. However, the reference cavity within the optical unit must be 
heated to 55°C before operation. DURING EXTREMELY COLD GROUND CONDITIONS, THE 
TIME NEEDED TO RAISE CAVITY TEMFEKATURE MAY BE DETERIMENTAL TO PLIGHT SCHED- 
ULING, SINCE PREFLIGHT CALIBRATION CANNOT PROCEED UNTIL CONDITIONS ARE CORRECT. 

Preflight procedures consist of allowing sufficient warm-up time, fol- 
lowed by a calibration using two constant temperature black body sources. In 
flight* the operator monitors the indicator and changes scales as necessary. 
Scale selections and output temperature are recorded in the Flight Logs. 
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7.3.3 MULTI-FREQUENCY PASSIVE KICROWAVE RADIOMETERS (NRL) . The NASA C-54 air- 
craft has four radiometers installed; two upward looking and two nadir looking, to 
measure environmental microwave energy. The upward looking radiometers measure 
water vapor content and moisture content (cloud coverage) of the atmosphere. The 
nadir viewing radiometers measure turbulence of the sea water and wind speed 
Radiometer data is digitized and recorded on a magnetic tape. A single magnetic 
tape recorder handles all four radiometers. 

7.3.4 DEN POINT HYGROMETER (CAMBRIDGE) . The Dew Point Hygrometer measures the 
ambient dew point temperature. Relative humidity is then calculated by combin- 
ing dew point and outside air temperatures. The device consists of two units: 

a control box/power supply in the operator's console, and a TAT probe located in 
the aircraft's airstream. A 0 to 5 VDC output is provided for recording pur- 
poses. During missions the system is energized, balanced, and operated contin- 
uously. The operator monitors and records displayed values in his flight log. 


-50°C to +50°C 
3°C per second 
±0.5°C above 0°C 

NOTE: At temperature below 0°C, the frost point rather than the 

point is sensed. 

7.3.5 OUTSIDE AIR TEMPERATURE INDICATOR (YSl) » The outside air temperature is 
mounted in the NASA 427 next to the dew point hygrometer in the forward, right 
observer's bubble just behind the pilot's compartment. The device used is the 
YSI 705 Air Temperature Probe. The probe is used with the 743-5 V YSI Thermi- 
volt Thermometer for an accuracy of ±0.35°G or better. The probe is a stainless 
steel unit with a 0.6 sec time constant; its dimensions are approximately 
1/2 inch in diameter by 1.85 inches long. Corrections for aircraft altitude and 
aircraft speed are made by the computer during reduction of the data to obtain 
true outside air temperature. 


Specifications 


Dew Point Range: 

Rate of Change Sensitivity: 
Accuracy: 
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7.3.6 MICROWAVE REFRACIOMBTER (ELECTROMAGNETIC RESEARCH CORE.) . This instrument 
uses a pair of Klystron cavity oscillators to measure the collective density of 
all foreign, materials, Including water vapor, present in the air flow being sam- 
pled. Air passed through the cavity affects its tuning, hence frequency, accord- 
ing to the density of additives it contains. This change of frequency is 
compared with a standard reference frequency generated in the second oscillator 
which has a vacuumed cavity. Readout is digital, directly in N units. In addi- 
tion, an analog output of 0 to 10 VDC is available for recordin'?. 

7.3.7 35 Mb' STRIP FILM CAMERA . A magazine adapter permits the use of bulk strip 
film in a motorized 35 mm camera. Capacity is 250 exposures. It may be operated 
hand held or by remote control. Remote control .includes an intervalometer and 
exposure counter, as well as selective exposure by the operator. 

7.4 AIRCRAFT EQUIPMENT INSTALLATION AND DATA RECORDING SYSTEM . 

The NASA Wallops Flight Center C-54 aircraft will be the remote sensing air- 
craft supporting GEOS-C pre-mission experiments and GEOS-C underflig.it support 
and the related instrumentation. For the pre-mission activities and the GEOS-C 
underflights, the same recording scheme as presented in Figure 7-2 will be used. 
There will be essentially two slow-rate data collection systems and one high- 
rate data system, 

A one or two sample-per-second data rate is sufficiently adequate for all 
the passive microwave data and for the environmental data. Therefore, the slow- 
rate data system will record all the environmental data - including latitude, 
longitude, airspeed, and ground speed - as well as all the passive microwave 
data. Time from the common Datametrics SP-100 Time Code Generator (synchronized 
with WWV) will also be recorded on the slow-rate system. For continuous recori,* 
ing of the eighteen parameters, the slow data rate system wila. permit continuous 
recording for more than 10 hours on a single reel (10-inch diameter; 2400 feet) 
of magnetic tape. Shorter (600-foot) rolls may be used to contain a single day 
only for easier data separation. 
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Figure 7-2. Pre-Mission and Underf light Recording Configuration 


As shown in Figure 7-2, the Nanosecond Radar requires a high-speed re- 
cording system and records for approximately eleven minutes on a 10-inch reel 
of magnetic tape* Rewinding of the tape and loading of a new reel requires 
approximately three minutes. The Laser Profilometer has an independent data 
collection and recording system and records on a 1-inch wide, 10-inch reel of 
analog tape. The laser can record continuously for three hours on a single- 
reel of magnetic tape. The data can also be multiplexed simultaneously with 
the NR data onto the HP 7970 digital tape recorder. 
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8.0 DATA SOURCE CATALOG (DSC) 


The Data Source Catalog (DSC) is intended to give a description of the vari- 
ous data sources for other ground truth information, not necessarily included in 
the CDP or IDP, -which may be of interest to GEOS-C Principal Investigators. 

8.1 CONTENTS OP CATALOG . 

The Data Source Catalog (DSC) contains a comprehensive list of data sources 
for various data products -which may be of use to Principal Investigators. A more 
detailed description of the content and the availability of specific data prod- 
ucts included in the Data Source List is further provided in this section. The 
bibliography contains a list of all reference material used in the compilation 
of this document that is related to the subject matter presented herein. Major 
oceanographic experiments, conducted worldwide, and NOAA Fleet Sailing schedules 
are included as analogous activities /experiments. 

8.2 DATA SOURCE LIST . 

The Data Source List, Table 8-1, is a list of the various products avail- 
able. Available samples of these products are included at the end of this sec- 
tion. Information provided in the Data Source List includes a contact point, 

% 

office identification, phone number, and address from which information on the 
product can be obtained. 

This is not to imply that these people are committed to supply any and 
all such products requested by the Principal Investigators. It does mean, 
however, that these people have been contacted and are aware that some inter- 
est In their products has been shown. Arrangements for any of these products 
requested over and above the Calibration Data Package or Investigator Data 
Package are not the responsiblity of the GEOS-C project or SMG/NWS. 

8.3 DATA SOURCES . 

A brief description of various data sources is presented in subsequent 
paragraphs. 




BLANK NOP® 1 ® 
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LIST 


Consents 


Point of Contact /Availability 


Prepared every 6 hours. A 
portion of the surface 
weather map is included in 
the SM3 Data Set, 

Figure 4-9. 

Prepared every 12 hours. 


Available by special re- 
quest. Detail explanation 
of parameter observed is 
presented in Appendix D. 


Chief Technical Support W337 
Forecast Division 
National Meteorological Center 
Washington, D.C. 20233 
Phone 301-763-8076 

For naps core than two months old: 


Chief, Information Service 
Division D54 

Environmental Data Aervieo 
Asheville, N.C. 26401 
Phone 754-254-0249 


Chief, Information Services 
Division D54 

Environmental Data Service 
Asheville. K.C. 2 CEDI 
Phone 754-254-0249 


Description of Data Duoy Available three months after aate 
program, location of of observations required, 

buoys and parameter ob- 
served are included in 
Section 8.3.2 


CSV program, location, 
and scope of observations 
are included in 
Section 8. 3. 3 


locations of Marine re- 
porting stations, types 
and time of observation 
arc included in 
Section 8.3.4 

SK3 photographs taken every Chief, Documentation Section 611132 
half tiour MC.Yl-4 global Environmental Data Service 

visual coverage once per World Weather Building Doom <V.le 
day. Infrared twice per Washington, D.c. 2023.3 
day. Figures 8-9 through Hwne 331-763*811 1 
8-14 are examples of vari- 
ous satellite photographs 
available and not included 
in the sample SMC. ground 
truth lUta Set (Fig- 
ures 4-10 and 4-11), 





TABLE 8-1. DATA SOURCE LIST (Cont'd) 



Product 

Mode of 
Presentation 

Producer 

Comments 

Point of Contact/Availability 

Wind Wave Forecasts, 

00, 24, 36 and 48 Hr 

Swell Forecasts, 24 and 
36 Hr 

Cotbined Sea State 
Forecast, 24 and 36 Ur 

Chart Polar Stereographic 
Northern Hemisphere 
1:20,030,000 

National Meteorological 
Center 

Available twice daily. 
Computer products 00 Hr 
Wind Wave Forecast is 
analysis. Figure 4-14 is 
a sample of 36 Hr Combined 
Sea State Forecast. 

Chief, Technical Support, Group W337 
Forecast Division 
National Meteorological Center 
Washington, D.C, 23233 
Phone 301-763-8076 

For maps more than two -months old: 
Chief, Information Service 
Division D54 

Environmental Data Service 
Asheville, N.C. 28S01 
Phone 754-254-0249 

Combined Sea Height, 
36 Hr Forecast 

Wind Wave Forecasts, 
OD, 24 and 36 Hr 

Chart Polar Stereographic 
Northern Hemisphere 
1:60,000,000 

U.S. Navy 

Available twice daily. 
Computer product. 

Commanding Officer 

U.S. Navy Fleet Numerical Weather 

Central 

Monterey, California 93340 
Phone 408-646-2141 

Combined Sea Height 
Forecasts (regional) 

Chart Polar Stereographic 
Northern Hemisphere 
1:7,000,000 

U,S. Navy 

Available twice daily. 

No samples of this prod- 
uct are available. 

Department of the Navy 

Chief of Naval Operations (OP-33M) 

Washington, D.C. 20350 

Airborne Radiation 
Thermometer (ART) 
Chart 

Chart 

Department of 
Transportation 
U.S. Coast Guard 
Airborne Radiation 
Thermometer (ART) 
Program 

Available monthly per 
flight schedule. Fig- 
ure 8-1 is a sample of 
this product. 

Department of Transportation 
U-S. Coast Guard Oceanographic Unit 
Building 159-E 
Washington Navy Yard 
Washington, D.C. 23 390 

Gulf Stream Monthly Sutra ry 

Scientific Journal of the 
Gulf Stream and surround- 
ing waters 

National Weather Service 

Published document avail- 
able monthly. Presents 
northern edge of Gulf 
Stream, associated temper- 
atures, and temperature 
anomalies for the western 
North Atlantic. 

Chief, Oceanographic Service 
Branch K161 

National Weather Service 
8060 13th Street 
Silver Spring, !!d. 20910 


00 

1 

w 























CO 

I 
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TABLE 8-1. DATA SOURCE LIST (Cont’d) 


Product 

Node of 
Presentation 

Producer 

Comments 

Point of Ccntact/Availability 

Kajor Currents in. the 

Technical Report 

Naval Oceanographic 

Published document:;. 

Non- Government Agencies 

North and South Atlantic 

TR-19 3 

Office 

Description of currents 

Commander, Naval Oceanographic 

Oceans between 64°N and 
60 °S, W. E. Eoisvert, 
September 1967 



within specific boundaries 
which exhibit a definite 
permanent or r.easonal 
flow. 

Office 

Washington, D.C. 20390 
Attn: Code 40 

Currents along the East 

Informal Report 

Naval Oceanographic 

Description of the East 

Government Agencies 

Coast of Africa, W, E. 
Boisvert, December 1967 

IR-No, 67-93 

Office 

Africa coastal current 
and Agulhas current 

Distribution Control Department 
Code 4420 

Ocean Currents in the 

Spcciol Report 

Naval Oceanographic 

Currents, winds, tidal 

Naval Oceanographic Office 

Arabian Sea and North- 
west Indian Ocean, 

W, E. Baisvert, 

August 1966 

SF-92 

Office 

currents in the Indian 
Ocean 

Washington, D.C. 23390 

Atlas of surface 
currents Northwestern 
Pacific Ocean 

U.O. Piib. No. 569 

Naval Oceanographic 
Office 

Monthly surface current 
roses and isotherms 


Sea Temperature Analysis 

Polar Stereographic 
Northern Hemisphere 
Chart 1:60,000,000 

U.S. Navy 

Available twice daily. 

Commanding Officer : 

C.5. Navy Fleet Numerical Weather 
Central 

Nonterev, California 93340 
Phone 408-646-2141 

Regional Sea Temperature 

Polar Stercagraphic 

U.S. Navy 

Available daily. 

Department of the Navy 

Analysis 

Northern Hemisphere 
Chart 1:7,000,000 


No samples of this prod- 
uct are available 

Chic? of Naval Operations 
IOP-33M) 

Washington, D.C. 20350 

Mean Sea Temperature 

Computer printouts 

Naticnal Oceanagraphlc 

Available by special 

E.S. Department of Commerce 

and Salinity data for 
oceans/area and month 

and magnetic tape 

Data Center 

request. 

Data retrieved from 50DC 
data bank by area and 
scasonfecnth 

Naticnal Oceanic and Atmospheric 
Administration 

National Oceanographic Data Center 
Rockville, ltd. 211352 

Average Snow and Ice 

Polar Stereograr’-iic 

National Environmental 

Figure 4-15 is a sample 

thief, Analvsin ami Evaluation 

Boundary Chart 

Northern Hemisphere 
Chart 

Satellite Service 

of this chart. 
Available weekly 

Branch 51111 

National Environmental Satellite 
Service 

World Weather Buildinc Eacrni 513 
Washington, D.C. 20233 
Hi one 331-763-F401 




TABLE 8-1. DATA SOURCE LIST (Cont’d) 


Product 

Mode of 
Presentation 

Producer 

Comments 

Point of Contact/Availabil ity 

Sea Ice Limits 

Polar Stereograph ic 
1:10, 00 0,0 DO Northern 

U.S. Navy 

Available weekly 

Commanding Officer 

U.S.Navy Fleet Weather Facility 


Hemisphere Chart 



Suitland 

Washington, D.C. 20373 


1:20,000,000 Southern 
Hemisphere Chart 



Phone 301-763-3372 

Archival 

Magnetic Tape 

National Meteorological 

Available by special 

National Meteorological Center 

Meteorological Data 

Center 

request 

Automat Divisicn 
World Weather Building 




Meteorological Synoptic 
Dsta, Analysis and 
Prognosis for both 
Surface and Uppet Air. 
Contained in NMC Archives 
at Asheville, N.C. 

Washington, D.C. 20233 

NOAA Marine Climatic 

Atlas 

Space Flight, Meteoro- 

Published Document. Broad- 

Limited distribution. Available 

Guide 


logy Group, ESSA-Weather 

scale view of weather ele- 

in mast NASA offices. 


Bureau 

cents over all water 
covered areas of the world. 






Description of contents in 
Section 8.3.3. Figures 8-5, 
8-6 and 8-7 arc sample 
charts. 


Oceanographic Atlas of the 

Pub. 700: Volume I* 

U.S. Navy 

Description of Tides 

Ncn -Government Agencies 

North Atlantic Ocean 



and Current. 

Commander, Naval GeeanDgrapaic 
Office 

Washington, D.C. 20390 


Volume II* 


Description of Physical 
Proportion 

Attn: Code 40 





Government Agencies 


Volume IV* 


Description of Seas and 
Levels 

Distribution Control 
Department, Cede 442 


Volume V* 


Description of Marino 

Naval Oceanographic Office 




geology 

Washington, D.C. 20200 

tt.S. Navy Marine Climatic 

NAVAIR 5Q-IC-528, Vol 1 

U.S. Navy 

Published Documents. 

Commander Naval Weather Services 

At lan of the World 

NAVAIR 50-IC-529, Vol II 


Volumes I through VII are 

Command 

NAVAIR 50-1C-530, Vol III 


each prepared for specific 

Washington Navy Yard 


NAVAIR EO-IC-531, Vol IV 


geographic areas. 

Washington, D.C, 20230 


NAVAIR 50-IC-532, Vol V 
NAVAIR 50-IC-533, Vol VI 


Volume VIII presents a 



NAVAIR 50-IC-59, Vol VII 


summary of Volumes 1 



NAVAIR 50-IC-54, Vol VIII 


through VII 
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I 
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8.3.1 AIR BORNE RADIATION THERMOMETER (ART) CHARTS . Airborne Radiation Ther- 
mometer (ART) Charts, Figure 8-1, are available two weeks following the com- 
pletion of that month’s flight schedule. The surface isotherms on this chart 
are prepared from sea surface temperature data collected by a remote sensing 
infrared thermometer, on board Coast Guard aircraft. Additional surface 
temperature data are obtained from ships and Coast Guard Light Structures 
whenever possible and used in the preparation of the chart. 

Data collection on tracklines is continuous. The point at which the con- 
tour line crosses trackline is the point at which temperature indicated was 
actually first observed. Isotherms are in degrees Celsius and boldface num- 
bers. Information concerning the data, (date, sea, and weather conditions, 
and transects flown) is listed in the lower right hand corner. 

Notes are used when a phenomenon or conditions are encountered which may 
influence the data. Occasionally, photographs or drawings accompany these 
notes to help illustrate the event. 

8.3.2 ENVIRONMENTAL DATA BUOYS . NOAA's National Data Buoy System (NDBS) 

Program operates a group of buoys around the territorial United States. Pres- 
ently, 10 buoys are deployed. Their locations and selected locations for 
future additional deployments are annotated on Figure 8-2. Approximately 

20 more huoys are scheduled to be deployed in the Pacific and Atlantic oceans, 
Gulf of Mexico, and the Great Lakes within the next 5 years. Two of the pres- 
ently deployed buoys - EB01 and EB13 (large capability buoys) - are in the 
prime calibration area. Operational status of deployed buoys is available 
weekly and will be available in the CDP. 

The deployed buoys are of various capabilities, (See Table 8-2.) Each 
of the buoys measure wind direction and speed, air pressure, air temperature, 
and water temperature. The large capability buoys observe these parameters at 
5 and 10 meters above sea level; in addition, they measure precipitation, 
global infrared and visual radiation above 10 meters, and specific oceanographic 
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Figure 8-1. Airborne Radiation Thermometer 
(ART) Chart 
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Figure 8-2. Buoy Locations in Data Sparse Areas 



TABLE 8-2. NDBO BUOY MEASUREMENT CAPABILITIES SENS ORS / TRANSDUCERS AND SENSOR LEVELS 

(Entries “ Manufacturer-Sensor Type /Level [si) 
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NDBO BUOY MEASUREMENT CAPABILITIES SENSORS/TRANSDUCERS AND SENSOR LEVELS (Cont'd) 


J TABLE 8-2. 

o 





* 5, 10 raters above sea level. 

** Buoy Acceleration Measurement System Only. 

*** Wave Period is Derived 
= Salinity is Derived 

LEGEND FOR SEVERE ENVIRONMENT BUOYS 

riailUCACTUHER, 

GD: General Dynamics 

(ID: Humphrey 

K: Kistler Accelerometer 
Lr , Lockheed 

Stt: Schaevite Accelerometer 

Wt Westingbouse 

TYPE 

A: Accelerometer (SD): Strapped Down. 

AE: Aerovane (Bcndin) with fins gate compass (Humphrey) 

APi Aneroid Potentiometer (Sostnan) 

CD: Variable Capacitance Diaphragm (Rosccount) 

Di Volumetric Dumping (WcstinghouSe’l 
ICT: inductively Coupled Transforcer (Plcneey) 

PSl-It Platinum Resistance Thermometer (MIL-SID) 

PIE: Platinum Resistance Thermometer (Roaamaunt) 

SC: Sapphire Crystal (Transonice) 

SG: Banded Strain Gauge - Standard Control 

SR: Savonius Eoeor 

T: Thermopile 

ICtt: Thcreaelcctrically Cooled Mirror (EGE.G) 

TS: Tucker Systec-Accoleronetcr and Pressure Transducer 

V: Vane 

VS: Vertex Shedding (J-TEC) Anemometer with 1 la gnat) on Finn Gate Compass 


LEGEND FOR HDDEHjYTE ESVIROiMEKT BUOYS 
MANUFACTURER/ TYPE 

CEC-SC: Consolidated Electrodynamics Corp. /Strain Gauge, Standard Control 

EG-FCC: EG£G/3-Cep Anemometer with Bar Magnet Compass 

F-T: Fenwall /Thermistor 

G-DT: Gulton/Linear Variable Differential Transformer 

J-VS: J-TEC/Vorton Shedding Anemometer with Flu:-: Gate Compass (Hagnavon) 

R-CD: Rosemount/Variable Capacitance Diaphragm. 

S-AP: Sootcan/Ancroid Potentiometer 

UM-IG: Weather Measure/ Impeller Generator, Ear Magnet (Humphrey) 

Y-T; Yellow Springs/Tliermiotor 

LEVELS (DEPTfLS IN METERS) 
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parameters. This oceanographic data includes wave height (period is derived), 
current direction, and conductivity. Table 8—2 further delineates all ob- 
served parameters for each deployed buoy. 

The data from these buoys are observed every hour. Large capability 
buoys are interrogated every 3 hours and small capability buoys every 6 hours. 
These data are then re-transmitted by the interrogation station in standard 
ship synoptic code to the National Weather Service (NWS) at the National 
Meteorological Center (NMC) , Suitland, Maryland. NMC then retransmits these 
data over regular weather networks. 

Figure 8-3 is a flow chart depicting buoy data flow. Buoy data, both 
meteorological and oceanographic, is reformatted to the NODC format and sent 
to NODC at 30-day intervals. All meteorological data is also similarly for- 
matted in the TDF format and sent to the National Climatic Center (NCC) . 

8.3.3 OCEAN STATIONS . There are two ship ocean stations, PAPA and HOTEL, and 
five manned lighthouse stations (Frying Pan Shoals, Diamond Shoals, Chesapeake, 
Ambrose, and Buzzards Bay) that will furnish visual sea state data in the cali- 
bration area. Details on location, observations, and availability of data for 
world-wide Ocean Station Vessels are presented in subsequent paragraphs, and 
United States manned lighthouses and other Coast Guard Stations are contained 
in Paragraph 8.3.4. 

8. 3. 3.1 Ocean Station Vessels (OSV) . There are ten OSV stations listed by 
the World Meteorological Organization. Their locations are presented in 
Table 8-3. Station HOTEL is operated by the U.S.; all others are manned by 
foreign countries. The Keifaraaru and Tango stations operate only during the 
typhoon season. 

8. 3. 3.2 OSV Synoptic Weather Observations . All items in the full ship code 
(Appendix D) are reported. Table 8-3 lists the latitude and longitude of 
each OSV and also the frequency of surface and upper air observations* Sea 
and swell heights and periods are visual observations. 
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Figure 8-3. Buoy Data Flow 
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TABLE 8-3. OCEAN STATION VESSELS 


Ocean Station 
Vessels 

Position 

3 Hourly 
Surface Obs. 

Hourly 
Surface Obs. 

Upper-Air Observations 
00 06 12 18 

Remarks 

Alpha 

62 00 N 
33 00 W 

X 

X 

RW 

W 

RW 

W 

Climat (CT) 

Hotel 

38 00 N 
71 00 W 

X 

X 

RW 

w 

RW 

w 

Climat (CT) 

India 

59 00 N 
19 00 W 

X 

X 

RW 

w 

RW 

w 

Climat (CT) 

Juliet 

52 00 N 
20 00 W 

X 

X 

RW 

w 

RW 

w 

Climat (CT) 

Keifuaaru 

20 00 N 
130 00 E 

X 

X 

RW 

No 

RW 

No 

Operated irregularly during 
the typhoon season Aug-Sept 

Kilo 

45 00 N 
16 00 W 

X 

X 

RW 

w 

RW 

w 

Climat (CT) 

Mike 

66 00 N 
02 00 E 

X 

X 

RW 

w 

RW 

w 

Climat (CT) 

Papa 

50 00 N 
145 00 W 

X 

No 

RW 

RW 

RW 

w 

Climat (CT) 

South African 
Weather Ship 

40 00 S 
10 00 E 

X 

No 

R 

No 

No 

No 


Tango 

29 00 N 

X 

X 

PR 

P 

PR 

P 

Climat (T) Operated during 
[ typhoon season only 


R - Radiosonde; upper-air pressure, temperature and humidity observations obtained by electronic means. 
W - Radiowind; upper-wind observations obtained through electronic means. 

P - Pilot-balloon; upper-wind observations obtained through electronic means. 

Climat (T) monthly climatological means of upper-air elements are transmitted. 

Climat (CT) monthly climatological means of both surface and upper-air elements are transmitted. 




The three hourly surface observation reports anr'i upper air observations 
are transmitted routinely. Those received by the National Weather Service 
are collected with other ship reports and are available through NCC Asheville, 
N.C. Hourly reports are not usually transmitted but are kept in the ship's 
weather log {Appendix D) . These logs are retained by the weather service of 
the particular country that supports the station ship. This is also true of 
any continuous observations, such as the barometric-pressure trace. Copies 
of these can be obtained through NCC Asheville. Three hourly observations are 
punched on cards by the supporting country and exchanged with other supporting 
nations. However, this program may lag behind the real-time reports by a few 
months to several years. A request through the NCC for data for a specific 
time period and station may possibly expedite the availability of data. 

Oceanographic Data for OSVs is limited to Nanson casts which give salin- 
ity and temperature versus depth. Data for OSV HOTEL (U.S.) is received with- 
within about 2 months, foreign ship data from a few months to a few years. A 
request through the National Ocean Data Center (NODC) for specific data could 
possibly bring faster results. 

8.3.4 LIGHTHOUSE AND OTHER COAST GUARD STATIONS . U.S. Coast Guard Lighthouses 
are scattered along all of the United States. As these stations are automated, 
personnel are removed. The National Weather Service is gradually installing 
automated weather observatories, at the automated lighthouses, to continue 
weather observations. Automated Weather observatories do not take sea and 
swell observations. The manned lighthouses and most other Coast Guard stations 
take weather observations , All manned lighthouses and those Coast Guard sta- 
tions within sight of the oceans ' report visual sea and swell height and period 
and surf conditions. 

Marine reporting stations, 1 ; 'house and other Coast Guard stations, are 
depicted in Figure 8-4. Table 8-4 identifies these stations by name, latitude 
and longitude, gives the amount of observations taken daily, and the NWS moni- 
tor. Manned and automated weather observatories are not delineated in 
Table 8-4. 
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Figure 8-4. Marine Reporting Stations 
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TABLE 8-4. GOAST GUARD AND MARINE REPORTING STATION 








Obser- 

Freq, 

6-Houriy 

3-Hourly 

Super- 

CG 




Lati- 

Longi- 

vations 

of Obser- 

Synoptic 

Synoptic 

vising 

Dist 

ID 

Station Name 

State 

tude 

tude 

Per Day 

vations 

Obs 

Obs 

Station 

1 

9B5 

Bear Island LS 

ME 

4417 

6816 

5 

4 

0 

0 

PWM 

1 

12B 

Boon Island LS 

NH 

4307 

7029 

8 

4 

0 

0 

Pm 

1 

HNBC 

Eostcn LY 

MA 

4220 

7046 

0 

0 

4 

3 

BOS 

1 

45B 

Brant Point Sta 

HA 

4117 

7005 

8 

4 

0 

0 

BOS 

1 

33B 

Buzzards Bay Entr LS 

MA 

4123 

7102 

8 

4 

0 

0 

305 

1 

3 OB 

Cape Cod Canal 

MA 

4147 

7030 

8 

4 

0 

0 

BOS 

1 

27B 

Cape Kiddick LS 

ME 

4310 

7036 

5 

4 

0 

0 

PWM 

1 

31B 

Chatham 

MA 

4140 

6957 

8 

4 

0 

0 

BOS 

1 

14B 

Duck Island LS 

ME 

4409 

6815 

8 

4 

0 

0 

PWM 

1 

8B9 

Egg Rock LS 

ME 

4421 

6808 

8 

4 

0 

0 

PWM 

1 

34B 

Gloucester 

MA 

4235 

7040 

8 

4 

0 

0 

BOS 

1 

OB9 

Goat Island LS 

ME 

4320 

7024 

5 

3 

0 

0 

pm 

1 

15B 

Halfway Rock LS 

ME 

4339 

7002 

8 

4 

0 

0 

pm 

1 

16B 

Heron Neck LS 

ME 

4402 

6852 

8 

4 

0 

0 

pm 

1 

26B 

Isles of Shoals LS 

NH 

4258 

7037 

8 

4 

0 

0 

pm 

1 

18B 

Manana IS Fog Sig 

ME 

4346 

6920 

8 

4 

0 

0 

pm 

1 

19B 

Matinicus Rock LS 

ME 

4347 

6851 

8 

4 

0 

0 

PWM 

1 

32B 

Menemsha 

MA 

4121 

7046 

8 

4 

0 

0 

BOS 

1 

35B 

Merrimac River 

MA 

4249 

7052 

8 

4 

0 

0 

?OS 

1 

21B 

Mt Desert LS 

ME 

4358 

6808 

8 

4 

0 

0 

pm 

1 

HNBN 

Nantucket Shoals LV 

MA 

4030 

6928 

0 

0 

4 

0 

BOS 

1 

PJI 

Point Judith LBS 

RI 

4122 

7129 

0 

0 

0 

0 

PVD 

1 

HNBT 

Portland LV 

ME 

4332 

7006 

0 

0 

4 

3 

pm 

1 

25B 

Portsmouth Harbor 

NH 

4304 

7043 

8 

4 

0 

0 

PWM 

1 

36B 

Race Point 

MA 

4205 

7012 

8 

4 

0 

0 

BOS 

1 

2 OB 

Rockland 

ME 

4406 

6906 

8 

4 

0 

0 

PWM 

1 

37B 

Scituate 

MA 

4212 

7043 

8 

4 

0 

0 

BOS 

1 

23B 

Seguin Island LS 

ME 

4343 

6946 

8 

4 

0 

0 

PWM 

1 

24B 

West Quoddy Head LS 

ME 

4449 

6657 

8 

4 

0 

0 

PWM 

3 

N28 

Ambrose LT 

NY 

4027 

7349 

8 

4 

0 

0 

NYC 

3 

55N 

Atlantic City 

NJ 

3923 

7425 

8 

4 

0 

0 

ACY 

3 

45N 

Bay Shore 

NY 

4038 

7316 

8 

4 

0 

0 

NYC 

3 

H91 

Cape May 

NJ 

3857 

7453 

8 

4 

0 

0 

ACY 
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TABLE 8-4. COAST GUARD AND MARINE REPORTING STATION (Cont’d) 








Obser- 

Freq 

6-Hourly 

3-Hourly 

Super- 

CG 




Lati- 

Longi- 

vations 

of Obser- 

Synoptic 

Synoptic 

vising 

Dist 

ID 

Station Name 

State 

tude 

tude 

Per Day 

vations 

Obs 

Obs 

Station 

3 

34N 

Eatons Neck 

NY 

4057 

7324 

8 

4 

0 

0 

NYC 

3 

N84 

Execution Rocks LS 

NY 

4053 

7344 

0 

0 

4 

4 

NYC 

3 

30N 

Falkners Island LS 

CT 

4113 

7240 

8 

4 

0 

0 

BDR 

3 

61N 

Indian River 

DE 

3837 

7504 

8 

4 

0 

0 

1LG 

3 

32N 

Little Gull IS LS 

CT 

4112 

7206 

8 

4 

0 

0 

BDR 

3 

54N 

Manasquan Inlet 

NJ 

4006 

7401 

0 

0 

0 

0 

NYC 

3 

48N 

Mont auk Point LS 

NY 

4104 

7156 

8 

4 

0 

0 

NYC 

3 

49N 

Moriches LS 

NY 

4047 

7245 

8 

4 

0 

0 

NYC 

3 

Nil 

New Haven 

CT 

4116 

7254 

0 

0 

4 

4 

BDR 

3 

18N 

New London Ledge LS 

CT 

4118 

7205 

0 

0 

4 

4 

BDR 

3 

5 ON 

Rockaway 

NY 

4034 

7353 

8 

4 

0 

0 

NYC 

3 

56N 

Sandy Hook 

NJ 

4028 

7401 

8 

4 

0 

0 

NYC 

3 

51N 

Short Peach 

NY 

4035 

7333 

8 

4 

0 

0 

NYC 

5 

61W 

Annapolis 

MD 

3855 

7628 

8 

4 

0 

0 

BAL 

5 

62W 

Cape Henry 

VA 

3656 

7600 

8 

4 

0 

0 

ORF 

5 

77W 

Cape Lookout 

NC 

3436 

7632 

8 

4 

0 

0 

ILM 

5 

W39 

Chesapeake LS 

VA 

3654 

7543 

8 

4 

0 

0 

ORF 

5 

66W 

Cove Point LS 

MD 

3823 

7623 

8 

4 

0 

0 

BAL 

5 

W06 

Cr is field LS 

MD 

3759 

7552 

3 

4 

0 

0 

BAL 

5 

44W 

Diamond Shoals LS 

NC 

3509 

7518 

8 

4 

0 

0 

ORF 

5 

46W 

Frying Pan Shoals LS 

NC 

3329 

7735 

8 

4 

0 

0 

ORF 

5 

63W 

Milford Haven 

VA 

3729 

7619 

8 

4 

0 

0 

ORF 

5 

78W 

Oak Island 

NC 

3353 

7801 

8 

4 

0 

0 

ILM 

5 

W30 

Ocean City LS 

MD 

3820 

7505 

8 

4 

0 

0 

BAL 

5 

45W 

Ocracoke 

NC 

3507 

7559 

8 

4 

0 

0 

HAT 

3 

79W 

Oregon Inlet LS 

NC 

3546 

7531 

4 

2 

0 

0 

HAT 

5 

64W 

Parramore Beach LS 

VA 

3732 

7537 

8 

4 

0 

0 

ORF 

5 

67W 

Stillpond 

MD 

3920 

7606 

8 

4 

0 

0 

BAL 

5 

65W 

Thomas Point LS 

MD 

3854 

7626 

6 

4 

0 

0 

BAL 

5 

1W9 

Wright sville Beach 

NC 

3411 

7749 

25 

0 

0 

0 

ILM 

7 

X93 

Cape San Juan LBS 

PR 

1823 

6537 

8 

4 

0 

0 

WJSJ 

7 

86J 

Charleston 

SC 

3246 

7951 

5 

4 

0 

0 

CHS 

7 

X85 

Dry Tortugas 

FL 

2438 

8255 

8 

4 

0 

0 

EYW 



f TABLE 8-4* COAST GUARD AND MARINE REPORTING STATION (Cont'd) 

CO 


Obser- Ereq 6-Hourly 3-Hourly Super- 


CG 




Lati- 

Longi- 

vat ions 

of Obser- 

Synoptic 

Synoptic 

vising 

Dist 

ID 

Station Name 

State 

tude 

tude 

Per Day 

vations 

Obs 

Obs 

Station 

7 

X91 

Egmont Key LS 

EL 

2736 

8246 

8 

4 

0 

0 

TPA 

7 

84J 

Roily Beach Loran 

SC 

3241 

7953 

4 

4 

0 

0 

CHS 

7 

X89 

Ft Meyers Beach 

EL 

2627 

8157 

8 

4 

0 

0 

FMY 

7 

X82 

Ft Fierce 

EL 

2728 

8018 

8 

4 

0 

0 

PBI 

7 

85J 

Georgetown LS 

SC 

3313 

7911 

5 

4 

0 

0 

CHS 

7 

X84 

Islamorada Sta 

EL 

2455 

8035 

8 

4 

0 

0 

MIAC 

7 

X81 

Lake Worth Inlet 

FL 

2646 

8003 

8 

4 

0 

0 

PBI 

7 

X88 

Marathon 

EL 

2443 

8107 

8 

4 

0 

0 

EYW 

7 

X87 

Miami Beach Base 

EL 

2547 

8010 

8 

4 

0 

0 

MIAC 

7 

X92 

Point Tuna 

PR 

1759 

6553 

4 

4 

0 

0 

MJSJ 

7 

1J3 

Ponce De Leon Inlet 

FL 

2904 

8055 

8 

4 

0 

0 

DAB 

7 


Port Ponce 

PR 

1758 

6637 

3 

4 

0 

0 

MJSJ 

7 

1J1 

St Simon Island 

GA 

3108 

8122 

8 

4 

0 

0 

SAV 

7 


St Thomas (LAS) 

VI 

1821 

6456 

3 

4 

0 

0 

MJSJ 

7 

1J2 

Tybee 

GA 

3201 

8051 

8 

4 

0 

0 

SAV 

7 

X90 

Venice Loran 

FL 

2705 

8227 

8 

4 

0 

0 

TPA 

8 

8R6 

Calcasieu RBS 

LA 

2947 

9321 

8 

4 

0 

0 

LCH 

8 

1J4 

Cape San Bias 

EL 

2941 

8522 

8 

4 

0 

0 

AQQ 

8 

8R8 

Freeport 

TX 

2857 

9518 

8 

4 

0 

0 

GLS 

8 

8R5 

Grand Isle 

LA 

2916 

8957 

8 

4 

0 

0 

MSYC 

8 

8R1 

Mobile Point 

AL 

3014 

8802 

4 

9 

0 

0 

MOB 

8 

8R0 

Pascagoula 

MS 

3022 

8834 

8 

4 

0 

0 

MOB 

8 

9R1 

Port Aransas 

TX 

2750 

9704 

8 

4 

0 

0 

CRP 

8 

9R3 

Port Isabel 

Tx 

2604 

9710 

8 

4 

0 

0 

BRO 

8 

8R9 

Port O’Connor 

XX 

2826 

9626 

8 

4 

0 

0 

GLS 

8 

8R7 

Sabine (PSS) 

TX 

2944 

9352 

8 

4 

0 

0 

BPT 

8 

1J5 

Santa Rosa IS LBS 

FL 

3019 

8715 

8 

4 

0 

0 

PNS 

8 

8R3 

Southwest Pass 

LA 

2855 

8926 

8 

4 

0 

0 

MSYC 

9 

20G 

Ashtabula LS 

OH 

4155 

8048 

12 

3 

0 

0 

CLE 

9 

3IG 

Belle Isle LS 

MI 

4220 

8258 

12 

3 

0 

0 

DTW 

9 

19G 

Buffalo 

NY 

4253 

7853 

12 

3 

0 

0 

BUF 

9 

23G 

Cleveland Harbor 

OH 

4130 

8143 

12 

3 

0 

0 

CLE 

9 

18G 

Detroit River LS 

MI 

4200 

8309 

12 

3 

0 

0 

DTW 
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TABLE 8-4. COAST GUARD AND MARINE REPORTING STATION (ContM) 








Obser- 

Freq 

6-Hourly 

3-Hourly 

Super- 

CG 




Lati- 

Longi- 

vations 

of Obser- 

Synoptic 

Synoptic 

vising 

Dist 

ID 

Station Name 

State 

tude 

tude 

Per Day 

vations 

Obs 

Obs 

Station 

9 

29Y 

Devils IS LS 

WI 

4705 

9044 

8 

4 

0 

0 

DLH 

9 

30Y 

Duluth Harbor St a 

MN 

4646 

9205 

8 

4 

0 

0 

DLH 

9 

31Y 

Eagle Harbor LS 

MI 

4728 

8810 

4 

0 

0 

0 

MQT 

9 

25G 

Erie Harbor LBS 

PA 

4207 

8005 

24 

1 

0 

0 

ER1 

9 

14C 

Frankfort 

MI 

4438 

8615 

8 

4 

0 

0 

MKG 

9 

27Y 

Grand Marais 

MI 

4641 

8559 

8 

0 

0 

0 

MQT 

9 

16 C 

Kenosha 

WI 

4235 

8745 

8 

4 

0 

0 

MKE 

9 

32G 

Lansing Shoal Light 

ME 

4554 

8534 

8 

0 

0 

0 

SSM 

9 

27G 

Lorain 

OH 

4128 

8211 

12 

8 

0 

0 

CLE 

9 

17 C 

Ludington LS 

MI 

4357 

8628 

8 

4 

0 

0 

MKG 

9 

33Y 

Manitou Island LS 

MI 

4725 

8735 

4 

0 

0 

0 

MQT 

9 

21G 

Marblehead LS 

OH 

4133 

8244 

12 

3 

0 

0 

CLE 

9 

34Y 

Marquette LS 

MI 

4633 

8723 

4 

0 

0 

O 

MQT 

9 

18C 

Michigan City 

IN 

4143 

8654 

4 

0 

0 

0 

CHI 

9 

15C 

Milwaukee LS 

WI 

4301 

8757 

8 

0 

0 

0 

MKE 

9 

19 C 

Muskegon LS 

MI 

4314 

8620 

8 

4 

0 

0 

MKG 

9 

13G 

Niagara 

NY 

4316 

7904 

12 

3 

0 

0 

BUF 

9 

28Y 

Nor^h Manitou Shoals 

MI 

4501 

8557 

8 

0 

0 

0 

MKG 

9 

28G 

Oswego 

NY 

4328 

7631 

12 

4 

0 

0 

SYR 

9 

35Y 

Passage Island LS 

MI 

4813 

8822 

4 

0 

0 

0 

MQT 

9 

36Y 

Point Eetsie 

MI 

4442 

8615 

3 

4 

0 

0 

MKG 

9 

33G 

Port Huron 

MI 

4300 

8225 

12 

3 

0 

0 

DTW 

9 

32Y 

Portage LBS 

MI 

4714 

8838 

4 

0 

0 

0 

MQT 

9 

26G 

Rochester LS 

NY 

4315 

7736 

8 

4 

0 

0 

ROC 

9 

37Y 

Rock of Ages LS 

MI 

4752 

8919 

4 

0 

0 

0 

MQT 

9 

30G 

Saginaw RS 

MI 

4338 

8351 

12 

3 

0 

0 

DTW 

9 

44Y 

Sault Ste Marie 

MI 

4630 

8420 

8 

0 

0 

0 

SSM 

9 

21C 

Sheboygan 

WI 

4345 

8742 

8 

4 

0 

0 

MKE 

9 

41Y 

St Clair Shores 

ME 

4228 

8253 

12 

3 

0 

0 

DTW 

9 

38Y 

St Ignace 

MI 

4551 

8443 

8 

O 

0 

0 

SSM 

9 

20G 

St Joseph LBS 

MI 

4207 

8629 

4 

0 

0 

0 

GRR 

9 

39Y 

Tawac Point LS 

MI 

4415 

8326 

8 

4 

0 

0 

APN 
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TABLE 8-4. COAST GUARD AND MARINE REPORTING STATION (Cont'd) 








Obser- 

Freq 

6-Hourly 

3-Hourly 

Super- 

CG 




Lati- 

Longi- 

vations 

of Obser- 

Synoptic 

Synoptic 

vising 

Dist 

ID 

Station Name 

State 

tude 

tude 

Per Day 

vations 

Obs 

Obs 

Station 

9 

40Y 

Thunder Bay IS LS 

MI 

4502 

8312 

8 

4 

0 

0 

APN 

9 

24G 

Toledo 

OH 

4142 

8327 

25 

9 

0 

0 

T0L 

11 

L97 

Long Beach 

CA 

3245 

11825 

8 

4 

0 

0 

LAX 

11 

L96 

Pt Arguello 

CA 

3434 

12040 

8 

4 

0 

0 

SMX 

11 

L98 

San Mateo 

CA 

3323 

11735 

8 

4 

0 

0 

LAX 

12 

84Q 

Blunts Reef 

CA 

4026 

12430 

8 

4 

0 

0 

ERA 

12 

92Q 

Bodega Bay LS 

CA 

3319 

12303 

8 

4 

0 

0 

SFO 

12 

99Q 

Concord 

CA 

3803 

12201 

4 

9 

0 

0 

SFO 

12 

88Q 

Humboldt Bay 

CA 

4046 

12414 

8 

4 

0 

0 

ERA 

12 

89Q 

Point Arena LS 

CA 

3857 

12344 

8 

4 

0 

0 

EKA 

12 

9 IQ 

Point Blunt 

CA 

3751 

12225 

4 

9 

0 

0 

SFO 

12 

94Q 

Point Bonita LS 

CA 

3749 

12232 

8 

4 

0 

0 

SFO 

12 

95Q 

Point Pinos LS 

CA 

3638 

12156 

8 

4 

0 

0 

SFO 

12 

87Q 

Pt Piedras Blancas 

CA 

3540 

12117 

4 

4 

0 

0 

SMX 

12 

98Q 

Flo Vista 

CA 

3809 

12142 

4 

4 

0 

0 

SFO 

12 

86Q 

St George Reef LS 

CA 

4150 

12423 

5 

9 

0 

0 

EKA 

12 

Q67 

Tahoe City 

CA 

3911 

12007 

25 

0 

0 

0 

RN0 

13 

9 IS 

Alki Point LS 

WA 

4731 

12225 

25 

0 

0 

0 

SEA 

13 

92S 

Cape Blanco LS 

OR 

4250 

12434 

4 

4 

0 

0 

MFR 

13 

82S 

Cape Disappointment 

WA 

4617 

12403 

4 

9 

0 

0 

PDX 

13 

93S 

Cape Flattery 

WA 

4823 

12444 

7 

4 

0 

0 

UIL 

13 

HNCR 

Columbia River LV 

OR 

4611 

12411 

0 

0 

4 

4 

SEA 

13 

83S 

Coos Bay 

OR 

4321 

12420 

4 

4 

0 

0 

PDX 

13 

84S 

Grays Harbor 

WA 

4655 

12406 

7 

4 

0 

0 

SEA 

13 

98S 

Mukilted 

WA 

4757 

12218 

6 

4 

0 

0 


13 

97S 

Point No Point 

WA 

4755 

12232 

6 

4 

0 

0 


13 

99S 

Point Robinson LS 

WA 

4723 

12222 

6 

4 

0 

0 

SEA 

13 

53S 

Point Wilson LS 

WA 

4809 

12245 

8 

4 

0 

0 

SEA 

13 

NOW 

Port Angeles 

WA 

4808 

12324 

6 

4 

0 

0 

UIL 

13 

87S 

Quillayute River 

WA 

4754 

12438 

4 

4 

0 

0 

SEA 

13 

85S 

Siuslaw River 

OR 

4400 

12407 

4 

4 

0 

0 

PDX 

13 

86S 

Smith Island LS 

WA 

4819 

12251 

7 

9 

0 

0 

SEA 
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TABLE 8-4. COAST GUARD AND MARINE REPORTING STATION (Cont’d) 








Obser- 

Freq 

6 -Hourly 

3-Hourly 

Super- 

CG 




Lati- 

Longi- 

vations 

of Obser- 

Synaptic 

Synoptic 

vising 

Diet 

ID 

Station Name 

State 

tude 

tude 

Per Day 

vations 

Obs 

Obs 

Station 

13 

88S 

Tillamook Bay 

OR 

4534 

12355 

5 

4 

0 

0 

PDX 

13 

90S 

Urapq.ua River 

OR 

4341 

12410 

5 

4 

0 

0 

PDX 

13 

43S 

Nest Point LS 

wa 

4740 

12226 

6 

4 

0 

0 


13 

89S 

Willapa Bay LS 

WA 

4642 

12358 

7 

4 

0 

0 

SEA 

14 

1Z8 

Eniwetok 

PAC 

1121 

16221 

0 

0 

4 

0 

FKWA 

14 

1Z6 

FR Frigate Shoals 

HI 

2352 

16617 

0 

0 

4 

0 

PRH 

14 

0Z5 

Kilauea Point 

HI 

2214 

15924 

3 

9 

0 

0 

LIH 

14 

1Z4 

Makahuena Point 

HI 

2152 

15927 

4 

5 

0 

0 

LIH 

14 

2Z4 

Saipan USCG Loran 

PAC 

1508 

14542 

0 

0 

4 

0 

PGAC 

14 

1Z2 

Upolu Point USCG LOR 

HI 

2015 

15553 

4 

5 

0 

0 

PHTO 

17 

ATU 

ATTU 

AK 

5250 

17311 

8 

4 

0 

0 

ARH 

17 

Z21 

Biorka Island 

AK 

5651 

13533 

8 

4 

0 

0 

ARH 

17 

CSH 

Cape Seriohef 

AK 

5436 

16456 

8 

2 

0 

0 

ARH 

17 

nv 

Five Finper LS 

AK 

5716 

13337 

10 

2 

0 

0 

ARH 

17 

KPC 

Port Clarence 

AK 

6515 

16652 

8 

2 

0 

0 

ARH 

17 

SKJ 

Sitkinak 

AK 

5633 

15408 

8 

4 

0 

0 

ARH 

20 

08S 

Bailey’s Landing 

MT 

4804 

11413 

2 

9 

0 

0 

FCA 

20 

20S 

Bonneville Dam 

OR 

4538 

12157 

25 

0 

0 

0 

PDX 

20 

L14 

Cabrillo Beach 

CA 

3343 

11817 

2 

9 

0 

0 

LAX 

20 

DUK 

Chicago Dunne Crib 

IL 

4147 

8732 

3 

6 

0 

0 

MDW 

20 

52Q 

Davis Point 

CA 

3803 

12216 

25 

0 

0 

0 

SFO 

20 

Z56 

Dolly Vard. Platform 

AK 

6048 

15138 

2 

9 

0 

0 

ARH 

20 

50Q 

Farallon IS 

CA 

3742 

12300 

3 

9 

0 

0 

SFO 

20 

37S 

Fort Peck Marina 

m 

4759 

10628 

25 

0 

0 

0 

GGW 

20 

S19 

Friday Harbor 

WA 

4830 

12300 

25 

0 

0 

0 

SEA 

20 

0W4 

Kentmorr Marina 

MD 

3855 

7622 

0 

0 

2 

3 

BAL 

20 

54Q 

Moss Landing 

CA 

3648 

12148 

6 

4 

0 

0 

SFO 

20 

L79 

Oxnard (Channel IS) 

CA 

3410 

11913 

3 

6 

0 

0 

LAX 

20 

NIX 

Pacific Beach 

WA 

4713 

12412 

25 

0 

0 

0 

SEA 

20 

51S 

Pacific City 

OR 

4512 

12358 

0 

0 

0 

0 

PDX 

20 

Z69 

Phillips Platform 

AK 

6104 

15057 

2 

9 

0 

0 

ARH 

20 

53Q 

Pillar Point 

CA 

3730 

12230 

8 

4 

0 

0 

SFO 
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TABLE 8-4. COAST GUARD AND MARINE REPORTING STATION (Cont'd) 


CG 

Dist 

ID 

Station Name 

State 

Lati- 

tude 

Longi- 

tude 

20 

Z72 

Platform Dillon 

AK 

6044 

15131 

20 

L13 

Point Loma 

CA 

3240 

11729 

20 

Q63 

Pyramid Lake 

NV 

3957 

11937 

20 

51Q 

San Francisco (PBS) 

CA 

3745 

12241 

20 

85Q 

Santa Cruz 

CA 

3658 

12200 

20 


Wildwood 

NJ 

3900 

7449 


Obser- 

Freq 

6-Eourly 

3-Hourly 

Super- 

vations 

of Obser- 

Synoptic 

Synoptic 

vising 

Per Day 

vations 

Obs 

Obs 

Station 

2 

9 

0 

0 

ARH 

3 

4 

0 

0 

SAN 

2 

9 

0 

0 

RN0 

8 

4 

0 

0 

SF0 

3 

4 

0 

0 

SFO 

25 

9 

0 

0 

ACY 



Table 8-5* lists the National Weather Service station responsible for monitor- 
ing the marine stations. 

All reporting stations take observation of current weather, visibility, 
wind speed and direction, and pressure. Manned marine reporting stations use 
NOAA Form 72-5a, depicted in Appendix D, to log their observations. A code 
card for this form is also included in Appendix D. Some of the Marine station 
observations are transmitted as part of the regular land-station reporting 
network of weather observations. All of the marine Coastal Station Log sheets 
are sent to NCC Asheville, N.C. 

8.3.5 NOAA MARINE CLIMATIC GUIDE . In support of NASA manned space flight 
programs, the Spaceflight Meteorology Group prepared a rather detailed and 
complete statistical analysis of recorded wind and sea conditions for those 
water-covered areas of the world lying between latitudes 40° North and 40° 
South, The charts presented in this guide have been constructed using the 
most recent information contained in the U.S. Navy Atlases available at the 
time of preparation of this document. 

Charts in the Marine Climatic Guide are arranged so that all charts de- 
picting air temperature are in one group and follow in chronological sequence, 
i.e., January, February, March, ..... etc. The charts showing sea temperature, 
surface wind speed, and visibility are in groups that follow and they too are 
shown on a monthly basis. Sea state (waves generated on the ocean by local 
winds blowing over the water) is shown for periods of 3 months so that February 
is said to be representative of January, February, and March; and May is rep- 
resentative of April, May, and June, etc. 

Figures 8-5, 8-6, and 8-7 are representative of the content of the Marine 
Climatic Guide. Figure 8-5 depicts mean surface temperatures for the month of 
June: Figure 8-6, the occurrence of seas >8 feet for the month of August ; and 
Figure 8-7, percent occurrence of surface wind speed >18 knots for the month 
of December. 
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TABLE 8-5. NWS MONITORING STATIONS 


NWS 

Monitor 

Station 

NWS . 
Monitor 

Station 

AGY 

Atlantic City, New Jersey 

MFR 

Medford, Oregon 

APH 

Alpena, Mich. 

MIAC 

Miami, Florida 

AQQ 

Apalachicola, Florida 

MJSJ 

San Juan, Puerto Rico 

ARH 

Alaska Region Headquarters 

MKE 

Milwaukee, Wisconsin 

BAL 

Baltimore, Maryland 

MKG 

Muskegon, Mich. 

BDR 

Bridgeport, Conn. 

MOB 

Mobile, Alabama 

BOS 

Boston, Mass. 

MQT 

Marquette, Mich. 

BPT 

Port Arthur, Texas 

MSY 

New Orleans, Louisiana 

BRO 

Brownsville, Texas 

NYCF 

New York, New York 

BMP 

Buffalo, New York 

ORF 

Norfolk, Virginia 

CHI 

Chicago, Illinois 

PBI 

West Palm Beach, Florida 

CHS 

Charleston, South Carolina 

PDX 

Portland, Oregon 

CLE 

Cleveland, Ohio 

PGAC 

Guam Marina Island, Pacific 

CRP 

Corpus Christi, Texas 

PHLI 

Lihue, Hawaii 

DAB 

Daytona Beach, Florida 

PHTO 

Hilo, Hawaii 

DLH 

Duluth, Minn. 

PKWA 

Kwajalsin, Pacific 

DTN 

Shreveport, Louisiana 

PNS 

Pensacola, Florida 

DTW 

Detroit, Mich. 

PRH 

Pacific Region Headquarters 

EKA 

Eureka, California 

PVD 

Providence, Rhode Island 

ERI 

Erie, Penn. 

PWMF 

Portland, Maine 

eyw 

Key West, Florida 

RHO 

Reno, Nevada 

FCA 

Kalispell, Mich. 

ROC 

Rochester, New York 

FMY 

Fort Myers, Florida 

SAN 

San Diego, Calif, 

GGW 

Glasgow, Mich. 

SAV 

Savannah, Georgia 

GLS 

Galveston, Texas 

SEA 

Seattle - Tacoma 

GRR 

Grand Rapids, Mich. 

SFO 

San Francisco, Calif, 

HAT 

Cape Hatteras, North Carolina 

SMX 

Santa Maria, Calif. 

ILG 

Wilmington, Delaware 

SSM 

Saulte Ste Marie, Mich. 

ILM 

Wilmington, North Carolina 

TOL 

Toledo, Ohio 

LAX 

Los Angeles, Calif. 

TPA 

Tampa, Florida 

LAXF 

LCH 

Los Angeles, Calif. 

Lake Charles, Louisiana 

UIL 

Quillayute, Washington 





















8.3.6 ANALOGOUS ACTIVITIES /EXPERIMENT . Major oceanographic experiments plan- 
ned for the period 1972-1984 are shown in Table 8-6. This table states the 
location of the experiment, the proposing country, the time period, and the 
objective of the experiment. 

The Fleet Sailing Schedule for ships under NOAA cognizance are presented 
in Figure 8-8. Deployment schedules of ships of other organizations and activ- 
ities will be given to Principal Investigators when made available to the 
GEOS-C Project office. 

8.4 MISCELLANEOUS SATELLITE PHOTOGRAPHS . 

This section contains additional satellite photographs (Figures 8-9 through 
8-14) available in the SMG Calibration Package. Included are SMS-1 visual, Very 
High Resolution Radiometer (VHRR) , and NOAA-4 nighttime infrared and visual 
views plus NOAA visual and infrared photographs of the Southern Hemisphere. 

8.5 BIBLIOGRAPHY . 

Table 8-7 is a bibliography of reference material used in the preparation 
of this document. It also contains references to the related subject matter 
presented herein. Reference material is presented in alphabetical order with- 
out categorizing as to subject matter. 
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TABLE 8-6. MAJOR OCEANOGRAPHIC EXPERIMENTS PLANNED 
POR THE PERIOD 1972-1984 


Experiment 

Location 

Proposer 

Tice Period 

Objective 

CARP Atlantic 
Tropical Experi- 
ment (CATE) 

Off NW Coast of 
Africa 

International 

19 74 

To understand menorjcale interactions in 
the tropics and their effect on the global 
general circulation. 

Air Hass Transfor- 
mation Experiments 
(AHIESO 

East China Sea 
and SW Japanese 
Islands 

Japan 

1974-75 

To clarify the transfer processes by whirl: 
energy and momentum are cuppllcd from die 
sea surface to the air and transported to 
the free atmosphere through the pi ant ary 
boundary layer. 

Joint Air-Sea 

Interaction 

(JASIN) 

Northeast 
Atlontic Ocean 

U.K. 

Prelim: 1977 

Main: 1975 

To study the interaction otm-Taphcrlt and 

oeesnic boundary layers with larger scale 
notions of the sea and the atmeaphere. 

Mid-Ocean 

Dynamics 

Experiments (MODE) 

North Atlantic 
Ocean 

U.K. 

MDDE 1: 1973 

To investigate the role of medium-scale 
gcootrophic eddies in tlio general circula- 
tion of the oceans. 

Coastal Upuelling 
Experiment (CUE) 

Oregon Coast : 
CUE I and II* 

NW Africa, 

Peru and 
California 
Coasts: Future 
CUEa 

U.S. 

CUE I: 1962 

CUE II: 1973 

To understand the time and space settles of 
coastal upweXling and to develop prognostic 
techniques. 

North Pacific 

Experiment 

(NORPA30 

Mid-Latitudes 
North Pacific 

U.S. 

1972-82 

To Gtudy the major physical processes for 
the large-scale oceanic and atmospheric 
fluctuations in the North Pacific Ocean. 

Antarctic Current 
Experiment (ACE) 

Southern 

Hcminphere 

U.S. 

Prelim: 1974/75 
During FGGE: 1977 

To observe, describe and study oceanic and 
atmosphere parameters in the high Southern 
Hemisphere latitudes and provide observing, 
platforms in this area during FGGE. 

Joint North Sea 
Have Atmosphere 
Program (JONSWAP) 

North Sea 

F.R.G. 

JON 5 WAP II: 1973 
JON SWAP III: 1974 

To study air-sca interactions In the North Son. 

Monseen Experiment 
(MONS50 

Arabian Sea 

India 

| Hi 

To Htudy the air-mass transformation in the 
Arabian Sea during the Southwest Monsoon. 

Polar Experiment 
(POLEX) 

Polar Regions 

U.S.S.R 

1971-76 

.During FGGE; 1977 

To understand the groan heat budget of the Polar 
Regions, the mechanisms affecting polar heat 
slid: and the response of the atmosphere to 
anomalous heating. 

Arctic lee 
Dynamics Joint 
Experiment 
(ATDJEX) 

Arctic 

U.S. /Canada 

1975 Being Studied 
to Become Part of 
POLEX 

To understand how the atmosphere end the ocean 
influence the movement, growth and decay of 

Arctic ice. 

First GARP Global 
Experiment (FGGE) 

World-Wide 

International 

1977-7S 

To provide data necessary to examine- fully the 
general circulation of the atmosphere ever a 
year's period for adequate testing of numerical 
models of the atmosphere. 

International 
Southern Ocean 
Study (ISOS) 

Southern 

Hemisphere 

U.S. 

1974-84 

Similar to AGE, which will probably be inecr- 
porated under this study. 

Storm Fury (SF) 

Atlantic- 
Carlbbean 
East Pacific 

U.S, 

1975 

1977-78 

Data and verification phase. 

Attempt cloud seeding of hurricanes to reduce 
energy of hurricane, thus rctltire wind nrrrd and 
destruction 

Winter Storm 
(WrSEX) 

East Coast U.S. 

U.S. 

1975 

To study fetch limited wave buildup. 




8-29 
























































































00 

1 


7 17:00 219:74 Ol-A-2 0025 1911 FULL VIS 2 MILE 



Figure 8-9, SMS-1, Visual 2 run Resolution Photograph 
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Figure 8-11. SMS-1, Visual 1/2 run Resolution Photograph 




Figure 8-12 t SMS-1 Very High Resolution Radiometer (VHRR) Photograph 
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Figure 8-14. NOAA-4, Southern Hemisphere, Vis 
2 run Resolution Photographs 
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APPENDIX A 

DETERMINATION OF GULF STREAM GEOSTROPHIC HEIGHT 


By the geostrophic assumption, ocean current and the density structure 
can be related (Fomin, 1964). Furthermore, if barotropic motion is assumed, 
the ocean current can be related directly to the mean sea level slope 
(Stommel, 1965) 


Let Rectangular Cartesian Coordinates be used in the ocean in which the 
X-axis is directed toward the east, the Y-axis -s directed toward the north, 
and he 2-axis Is directed vertically upward. The equations of motion for 
geostrophic current are 
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where p is the pressure, g is the gravitational acceleration, p is the density 
of the ocean water, w is the rotational speed of the earth, ^ is the latitude, 
and and u^ are the x and the y components of ocean of current velocity u. 


Equation (3) is the hydrostatic balance equation which should be substituted 
into Equations (1) and (2) for p. In the case of a very small variation of 
p along the direction of Y-axis, Equation (2) can be neglected. 


A-l 



The angle between the subtrack and the direction of the current velocity 
u is 0. By using an active microwave sensor such as lidar, one would be able 
to detect mean sea levels h(A, 0) and h(A 4* L, 0), referring to an arbitrary 
datum, at x - A and x + A + L respectively. Thus, Equation (L) can be 
rewritten in terms of the discrete space interval as shown in Figure A-l as 

2 sinip C | u(A,0) | cosG - | u (A + L,0) | cosO) 

iii 

(h(A 4- L,0) - h(A,Q)) (4) 

55 8 L 

in which the speeds | u(A»0) | cosO and | u(A 4* L,0) | cosO are perpendicular 
to the subtrack and yet they are separated by a distance L along the x-direction. 
Nevertheless, if Equation (4) is rearranged as 


■“ sinip (jp ( | u(A,Q) | - | u(A 4- L,0) | ) 

O 


(h (A 4- L,0) ~h(A,0)) 
L cosG 


( 5 ) 


or — siniji (A | S |) - Ah 

8 LcosQ 

in which | u(A»0) | - \ u(A + L,0) \ , or a| u | , is the desirable 
result where h(A 4- L,0) - h(A,0), or Ah, and L are measured. Since u, g, 
and $ are given. Equation (5) is uniquely solvable if 0 can be provided. 
Notice, however, that unless there is thermal boundary detected by the thermal 
mapping device, the value of 0 cannot be evaluated by single measurement. In 
order to attack this problem, it is necessary to have another measurement, 
whose subtrack has an angle of 5 with that of the first measurement, within 
the vicinity of the first subtrack. Let M be the distance, along the subtrack 
of the second measurement* which separates the positions where u(A,0) and 
u(A,0) and u(A 4* L,0) are located (as a matter of fact, this is quite tricky). 
In any event, it is justifiable to say that the measured Ah is the same as 
that of the first measurement and A|u| inferred should be the same in both 
measurements. Thus, the constraint provides that 


1 cosO » H cos(£ - G) 


( 6 ) 
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With known L, M, and % one should be able to solve Q by iterative scheme. 
Consequently a|u| in Equation (5) will be known. 

In the case of the Gulf Stream, by using the nominal values derived from 
reference documentation, 1 one can calculate Ah's (the geostrophic heights) for 
several typical cross sections as listed in Table A-l. 


Latitude 

25°N 

30°N 

35°N 

40°N 


TABLE A-l. 


Geostrophic Heights, Ah Cm 
48 
86 
29 
36 


where w = 7.3 x 10 ^ rad/sec 

NOTE: u(A,0) and u(A + L,0) are not necessarily parallel. 


1 

Technical Report: Major Currents in the North and South Atlantic Oceans 

Between 64°N and 6Q°S ; National Oceanographic Office, pp 56-64, 

September 1967. 
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Let x-direction be the subtrack of the measurement as shown in Figure A-? 
in which the inferred velocities u(A,0) and u(A + L, 0) are separated by L cosO 
where A is an arbitrary distance and L is the separation between u(A, 0) and 
u(A, 0) and u(A h L, 0) along the sub track. 



A- 4 



B.Q EXCERPTS FROM REFRACTION STUDIES 


B.I INTRODUCTION 

Four models, each of which use only surface data as inputs for 
tropospheric propagation corrections, were compared with ray tracings 
which were based on radiosonde data. Comparisons were made for approx- 
imately a twelve-month period, utilising data taken at Wallops Island, 
Virginia; the objective of this comparison was to determine the best pro- 
cedure, and its associated accuracy, for correcting GEQS-C data. Models 
tested were; (a) the model used operationally in GEODYN for the past 
several years; (b) a model developed by Saastamoinen; (c) a modification 
of Saastamoinen’ s model by Marini; and (d) Hopfield's model. (See 
References, Appendix C.5) Study results indicate that above 20°, the 
Saastamoinen/Marini and Hopficld models are better, and that below 5°, the 
Hopfield model is superior. The tables included in this Appendix are 
excerpts from these studies; these tables indicate the magnitude of the 
refraction problem and the potential errors introduced by utilizing surface- 
data-only type mathematical models. 

B.2 MODEL COMPARISONS 

Tables B-l through B-4 show the range correction differences for 
various elevation angles between the various models and the ray tracing 
results which are based on 15 data sets spread over 12 months. 

B, 3 ZENITH RANGE CORRECTION ANALYSIS 

Zenith range corrections are computed using the Saastamoinen model. 
Temperature is varied between -10 °C. and 40°C. intervals. Pressure is 
varied between 900 mb and 1050 mb at 25 mb intervals; relative humidity 
is varied between 12 and 1002 at 102 intervals. This was done to determine 
the relative effects of the three surface parameter Inputs. The results 
are shown in Table B-5. 
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TABLE B-l. AVERAGE RANGE CORRECTION 


Elevation 

Angle 

(Degree) 

GEOBYN 

Model 

Cm) 

Saastamoinen 

Model 

Cm) 

Saastamoinen/ 
Marini Model 
Cm) 

Hopfield 

Model 

Cm) 

Average 

Correction 

Cm) 

90.0 

.293 

.034 

.040 

.031 

2,40 

45.0 

.384 

.054 

.063 

.050 

3.30 

30.0 

.478 

.085 

.092 

.074 

4.78 

20.0 

.565 

.154 

.139 

.112 

6.95 

10.0 

.509 

.604 

.291 

.235 

13.34 

7.5 

.325 

1.173 

.384 

.316 

17.34 

5.0 

-.083 

3.091 

.496 

.486 

24.52 

2.0 

-.197 

22.051 

- 2.402 

1.058 

45.61 

0.0 

18.094 

-- 

-54.383 

1.767 

88.28 



TABLE B-2. RMS RANGE CORRECTION 


Elevation 

Angle 

(Degree) 

GEODYN 

Model 

(in) 

Saastajnoinen 

?fodel 

(m) 

Saastamoinen/ 
Marini Model 
(m) 

Hopfield 

Model 

(m) 

90.0 

.341 

.047 

.051 

.045 

45.0 

.455 

.068 

.076 

.065 

30.0 

.489 

.107 

.112 

.097 

20.0 

.746 

.180 

.168 

.145 

10.0 

1.020 

.634 

.349 

.295 

7.5 

1.162 

1.200 

.461 

.388 

S.O 

1.525 

3.118 

.637 

.583 

2.0 

2.735 

22.087 

2.580 

1.230 

0.0 

18.943 

- 

54.416 

2.097 


I 

til 
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TABIE B-3. AVERAGE PERCENT DIFFERENCE 


Elevation 

GEODYN 

Saastamoinen 

Saastamoinen/ 

Hopfield 

Angle 

Model 

Model 

Marini Model 

Model 

(Degrees) 

(m) 

Cm) 

Cm) 

Cm) 


90.0 

12.2 

45.0 

11.3 

30.0 

10.0 

20.0 

8.1 

10.0 

3.8 

7.5 

1.9 

5.0 

- .3 

2.0 

- .4 

0.0 

20.5 


1.4 


1.6 


1.8 


2.2 


4.5 


6.8 

12.6 


1.7 

1.3 

1.9 

1.5 

1.9 

1.5 

2.0 

1.6 

2.2 

1.8 

2,2 

1.8 

2.0 

2.0 

- 5.3 

2.3 

-61.6 

2.0 


48.3 


TABLE B-4. RMS PERCENT DIFFERENCE 


Elevation 

Angle 

(Degree) 

GEODYN 

Model 

(m) 

Saastamoinen 

Model 

(m) 

Saastamoinen/ 
Marini Model 
(m) 

Hopfield 

Model 

(m) 

90.0 

14,20 

2,0 

2.1 

1.9 

45.0 

13.40 

2.0 

2.2 

1.9 

30.0 

12.30 

2.2 

2.3 

2.0 

20.0 

10.70 

2.6 

2.4 

2,1 

10.0 

7.65 

4.8 

2.6 

2.2 

7.5 

6.70 

6.9 

2.7 

2.2 

5.0 

6.20 

12.7 

2.6 

2.4 


2.0 6.0 


5.7 


2.7 


0.0 21.5 


61.6 


2.4 


48.4 
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TABLE B-S. RANGE CORRECTIONS (meters) 


Relative Humidity 1.0% 


Pressure (>1B) 
Temp, (C) 

900 

925 

950 

975 

1000 

1025 

1050 








-10 

2. OS 

2.11 

2.17 

2.22 

2.28 

2.34 

2.39 

- 5 

2.05 

2.11 

2,17 

2.22 

2.28 

2,34 

2.39 

0 

2.05 

2.11 

2.17 

2.22 

2.28 

2,34 

2.39 

s 

2.05 

2,11 

2.17 

2.22 

2.28 

2.34 

2.39 

10 

2.05 

2.11 

2.17 

2.22 

2.28 

2.34 

2.39 

IS 

2.05 

2.11 

2,17 

2.22 

2.28 

2.34 

2.40 

20 

2.05 

2.11 

2„ 17 

2.23 

2.28 

2.34 

2.40 

25 

2.06 

2,11 

2.17 

2.23 

2.28 

2.34 

2.40 

30 

2.06 

2,11 

2.17 

2.23 

2.28 

2.34 

2.40 

35 

2.06 

2,11 

2.17 

2.23 

2.28 

2.34 

2.40 

40 

2,06 

2.12 

2.17 

2.23 

2.29 

2,34 

2.40 


Relative Humidity 10,0% 


10 

2.06 

2.11 

2.17 

2.23 

2.28 

2.34 

2.40 

5 

2.06 

2.11 

2.17 

2.23 

2.28 

2.34 

2.40 

0 

2.06 

2.12 

2.17 

2.23 

2.29 

2.34 

2.40 

5 

2.06 

2.12 

2.17 

2.23 

2.29 

2.35 

2.40 

10 

2.06 

2.12 

2.18 

2.24 

2.29 

2.35 

2.40 

15 

2.07 

2.13 

2.18 

2.24 

2.30 

2.36 

2,41 

20 

2.08 

2.13 

2.19 

2.25 

2,30 

2.36 

2.41 

25 

2.08 

2,14 

2.20 

2.25 

2.31 

2.37 

2.42 

30 

2.09 

2,15 

2.21 

2.26 

2.32 

2.38 

2.43 

35 

2.10 

2.16 

2.22 

2.28 

2.33 

2.39 

2.45 

40 

2.12 

2.18 

2.23 

2.29 

2.35 

2.40 

2.46 
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TABLE 13-5. (Continued) 


Relative Humidity 20.0% 


Pressure (MB) 
Temp. (C) 

900 

925 

950 

975 

1000 

1025 

1050 








-10 

2.06 

2.12 

2.17 

2.23 

2.29 

2.34 

2.40 

- 5 

2.06 

2.12 

2.17 

2.23 

2.29 

2.35 

2.40 

0 

2.06 

2.12 

2.18 

2,24 

2.29 

2.35 

2,41 

5 

: 2,07 

2.13 

2.18 

2.24 

2,30 

2.35 

2.41 

10 

2.07 

2.13 

2.19 

2.25 

2,30 

2.36 

2.42 

15 

2.09 

2.14 

2.20 

2.26 

2.31 

2.37 

2.43 

20 

2.09 

2.16 

2.21 

2.27 

2.32 

2.38 

2.44 

25 

2.11 

2.17 

2.23 

2.28 

2.34 

2.40 

2,45 

30 

2.13 

2.19 

2.25 

2,30 

2.36 

2.42 

2.47 

35 

2.16 

2.21 

2.27 

2.33 

2.39 

2.44 

2.50 

40 

2.19 

2.25 

2.30 

2.36 

2.42 

2.47 

2.53 

Relative Humidity 30 , 0% 







-10 

2.06 

2.12 

2.18 

2.23 

2.29 

2.35 

2.40 

- 5 

2.07 

2.12 

2.18 

2.24 

2.29 

2.35 

2.41 

0 

2.07 

2.13 

2.19 

2.24 

2,30 

2,36 

2,41 

5 

2.08 

2.14 

2.19 

2.25 

2.31 

2.36 

2.42 

10 

2.09 

2.1' 5 

2.24 

2.26 

2.32 

2.37 

2.43 

15 

2.10 

2.16 

2.22 

2.27 

2.33 

2.39 

2.44 

20 

2.12 

2.13 

2,23 

2.29 

2.35 

2.41 

2.46 

25 

2.14 

2.20 

2,26 

2.31 

2.37 

2.43 

2.49 

30 

2.17 

2.23 

2.29 

2.34 

2.40 

2.46 

2.51 

35 

2.21 

2.27 

2.32 

2.38 

2.44 

2.49 

2.55 

40 

2.26 

2.31 

2.37 

2.43 

2.48 

2.54 

2.60 
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TABLE B-5. (Continued) 


Relative Humidity 40.05 


Pressure (MB) 
Temp. (C) 

900. 

-10 

2.06 

- 5 

2.07 

0 

2.08 

5 

2.09 

10 

2,10 

15 

2.12 

20 

2.14 

25 

2.17 

30 

2.21 

35 

2.26 

40 

2.32 

Relative Humidity 50, 0 1 

-10 

2.07 

- 5 

2.07 

0 

2.08 

5 

2.09 

10 

2.11 

15 

2.14 

20 

2.17 

25 

2.21 

30 

2.25 

35 

2.32 

40 

2.39 


925 

950 

975 

2.12 

2.18 

2,24 

2.13 

2.18 

2,24 

2.13 

2.19 

2.25 

2.15 

2.20 

2.26 

2.16 

2.22 

2.27 

2.18 

2.23 

2.29 

2.20 

2.26 

2.31 

2.23 

2.29 

2.35 

2.27 

2,33 

2.38 

2.32 

2.38 

2.43 

2.39 

2.44 

2.50 


2.12 

2.18 

2.24 

2.13 

2.19 

2.25 

2.14 

2.20 

2.26 

2.15 

2.21 

2.27 

2.17 

2.23 

2.29 

2.19 

2.25 

2.31 

2.22 

2.28 

2.34 

2.26 

2,32 

2.38 

2.31 

2.37 

2.43 

2.37 

2.43 

2.49 

2.45 

2.51 

2.56 


1000 

1025 

1050 

2.29 

2.35 

2.41 

2,30 

2.35 

2.41 

2.31 

2.36 

2.42 

2.32 

2.37 

2.43 

2.33 

2.39 

2.44 

2.35 

2.41 

2.46 

2.37 

2.43 

2.49 

2.40 

2.46 

2.52 

2.44 

2.50 

2.56 

2.49 

2.55 

2.60 

2.55 

2.61 

2.67 


2.30 

2.35 

2.41 

2.30 

2.36 

2.42 

2.31 

2.37 

2.43 

2.32 

2.38 

2.44 

2.34 

2.40 

2.46 

2.37 

2.42 

2.48 

2.39 

2.45 

2.51 

2.43 

2.49 

2.55 

2.48 

2.54 

2.60 

2.54 

2. 60 

2.66 

2.62 

2.68 

2.73 
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TABLE B-5. (Continued.) 


Relative Humidity 60. 0% 


Pressure (MB) 
Temp. (C) 

900 

925 

950 

975 

1000 

1025 

1050 








-10 

2.07 

2.13 

2.3S 

2.24 

2.30 

2.36 

2.41 

- 5 

2.08 

2.14 

2.19 

2.25 

2.31 

2.36 

2.42 

0 

2.09 

2.15 

2.20 

2.26 

2.32 

2,38 

2.43 

5 

2.11 

2.16 

2,22 

2.28 

2.33 

2.39 

2.45 

10 

2.13 

2.19 

2.24 

2.30 

2,35 

2.41 

2,47 

15 

2,15 

2.21 

2.27 

2.33 

2.38 

2.44 

2.50 

20 

2.19 

2.25 

2.30 

2.36 

2,42 

2.47 

2.53 

25 

2.24 

2.29 

2.35 

2.41 

2.46 

2.52 

2.58 

30 

2.29 

2.35 

2.45 

2.47 

2.52 

2.58 

2.64 

3S 

2.37 

2.43 

2.48 

2.54 

2.60 

2.65 

2.71 

40 

2.47 

2.52 

2,57 

2.63 

2.69 

2.75 

2.80 


Relative Humidity 70.0% 


-10 

2.07 

2.13 

2.19 

2.24 

2.30 

„.36 

2.42 

- 5 

2.08 

2.14 

2.20 

2.25 

2.31 

2.37 

2.43 

0 

2.10 

2.15 

2.21 

2.27 

2.32 

2.37 

2.44 

5 

2.12 

2.18 

2.23 

2.29 

2.34 

2.40 

2.46 

10 

2.14 

2.20 

2.25 

2.32 

2.37 

2.42 

2,48 

15 

2.17 

2.23 

2.29 

2.34 

2.40 

2.46 

2.51 

20 

2.21 

2.27 

2.33 

2.38 

2.44 

2.50 

2.55 

25 

2.27 

2,32 

2.38 

2.44 

2.49 

2.55 

2.61 

30 

2.34 

2.39 

2.45 

2.51 

2.56 

2.62 

2.68 

35 

2.42 

2.48 

2.54 

2.59 

2.65 

2,71 

2.76 

40 

2.53 

2.59 

2.64 

2.70 

2.76 

2,81 

2.87 
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TABLE B-5. (Continued) 


Relative Humidity 80.0% 


Pressure 0 v B) 
Temp. (C) 

900 

925 

950 

975 

1000 

1025 

1050 








-IQ 

2.08 

2.13 

2.19 

2.25 

2.30 

2.36 

2.42 

- 5 

2.09 

2.15 

2.20 

2.26 

2.32 

2.37 

2.43 

0 

2.10 

2,16 

2.22 

2.27 

2.33 

2.39 

2.45 

5 

2,12 

2.18 

2.24 

2.30 

2.35 

2.41 

2.47 

10 

2.16 

2.21 

2.27 

2.32 

2.38 

2.44 

2.49 

15 

2.19 

2.25 

2.30 

2.36 

2.42 

2.47 

2.53 

20 

2.24 

2.29 

2.35 

2.41 

2.46 

2.52 

2.58 

25 

2.30 

2.35 

2.41 

2.47 

2.53 

2.58 

2.69 

30 

2.38 

2.43 

2.49 

2.55 

2,60 

2.66 

2.72 

35 

2.47 

2.53 

2.59 

2.65 

2.70 

2.76 

2.82 

40 

2.60 

2.65 

2.71 

2.77 

2.82 

2.88 

2.94 


Relative Humidity 90. 0% 


10 

2.08 

2.14 

2.19 

2.25 

2.31 

2.36 

2,42 

5 

2.09 

2,15 

2.25 

2,26 

2.32 

2.38 

2,43 

0 

2.11 

2.17 

2.22 

2.28 

2.34 

2.39 

2,45 

5 

2.13 

2.19 

2.25 

2.30 

2.36 

2.42 

2.48 

10 

2.16 

2.22 

2.28 

2.34 

2.40 

2.45 

2.51 

15 ! 

2.21 

2.26 

2.32 

2.38 

2.43 

2.49 

2.55 

20 

2.26 

2.32 

2.38 

2.43 

2.49 

2.54 

2.60 

25 

2.33 

2.39 

2.44 

2.50 

2.56 

2.61 

2.67 

30 

2.42 

2.47 

2.53 

2.59 

2.64 

2*70 

2.76 

35 

2.53 

2.58 

2.64 

2.70 

2.75 

2.31 

2.87 

40 

2.67 

2.72 

2.78 

2.84 

2.89 

2.95 

3.01 


I 
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TABLE B-S. (Continued) 


Relative Humidity 100.01 


Pressure (MB) 
Temp. (C) 

' 900 

925 

950 

975 

1000 

1025 

1050 








-10 

2.03 

2.15 

2.20 

2.25 

2.31 

2.37 

2.42 

- S 

2.10 

2.15 

2.21 

2.27 

2.33 

2.38 

2.44 

0 

2.12 

2.17 

2.23 

2.29 

2.34 

2.40 

2.46 

s 

2.14 

2.20 

2.26 

2.31 

2.37 

2.43 

2.48 

10 

2.18 

2.23 

2.29 

2.35 

2.40 

2.46 

2. 52 

15 

2.22 

2.28 

2.34 

2.39 

2.45 

2.51 

2.57 

20 

2.28 

2.34 

2.40 

2.45 

2.51 

2.57 

2.62 

25 

2.36 

2.42 

2.47 

2.53 

2.59 

2.64 

2.70 

30 

2.46 

2.51 

2.57 

2.63 

2.68 

2.74 

2.80 

35 

; 2.58 

2.64 

2.69 

2.75 

2.81 

2.86 

2.92 

40 

! 2.73 

2.79 

2.85 

2.90 

2.96 

3.02 

3.08 
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B.4 WORST CASE MODELING ERRORS 

The planned procedure for correcting altimeter data for tropospheric 

effects is to use the Hopfield model with the required input of surface 
meteorological parameters of pressure, temperature and humidity. For 
data inputs, it is planned to use monthly mean values of temperature, 
pressure, and relative humidity as a function of latitude. To assess 
the errors in this procedure, range corrections were calculated using the 
mean, minimum, and maximum values of these parameters for the three 
selected areas listed in Table B-6. The data, taken from Reference 1, are 
based on records over a period of approximately 100 years. The "mean” 
values of pressure and air temperature listed are actually median values, 
based on 95 percentile numbers. 

The tropospheric refraction corrections corresponding to these 
meteorological conditions are listed in Table B-7. The values are tabulated 
using the tables contained listed in Table B-5, and correspond to the 
minimum and maximum data of Table B-7; they may, however, be somewhat 
pessimistic since, e.g., maximum relative humidity is assumed to occur 
for maximum temperature which would not normally be expected. As indi- 
cated in Table B-7, the expected maximum error from the use of average 
monthly meteorological conditions would be on the order of 10 cm. , or 
about 4% of the correction itself. 
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TABLE B-6. T«1MTHLY AVERAGE ATMOSPHERIC CONDITIONS AT THE OCEAN SURFACE FOR 3 SELECTED AREAS 


Area 392 Location: 45“ - 46°N, 58“ - 59“W 



Min. 

JANUARY 

Mean 

Max. 

Min. 

APRIL 

Mean 

Max. 

Min. 

JULY 

Mean 

Max. 

Min. 

OCTOBER 

Mean 

Max. 

Pressure (nfa) 

984.8 

1009.3 

1027.4 

992.9 

1014. S 

1029.1 

1004.7 

1015.3 

1024.0 

996.3 

1015.4 

1028.0 

Temperature (“Q 

-7.2 

1.1 

5.5 

-2.1 

1.7 

5.5 

10.0 

14.4 

18.3 

5.9 

10.6 

15.0 

Relative Humidity (1) 

62.0 

87.0 

97.0 

70.0 

86.0 

98.0 

71.0 

92.0 

98.0 

63.0 

83.0 

97.0 


Area 451 Location: 36° 

- 37°N, 

64° - 65°W 













JANUARY 



APRIL 



JULY 



OCTOBER 



Min. 

Mean 

Max, 

Min. 

Mean 

Max. 

Min. 

Mean 

Max. 

Min. 

Mean 

Max. 

Pressure (nb) 

997.5 

1016.4 

1030*5 

1000.6 

1015.9 

1028.2 

1012.1 

1020.0 

1026.8 

10D6.3 

1017.3 

1026.0 

Temperature (°C) 

9.7 

15.6 

20.0 

11.6 

17.2 

21.1 

23.2 

25.6 

28.3 

19.0 

22.8 

26.1 

Relative Humidity (t) 

S3.0 

77.0 

95.0 

53.0 

80.0 

94.0 

65.0 

81.0 

97.0 

55.0 

75.0 

95.0 


Area 521 Location: 

23“ - 24°N\ 
Min. 

70° - 71°H 

JANUARY 

Mean 

Max. 

Min. 

APRIL 

Mean 

Max, 

Min. 

JULY 

Mean 

Max. 

Min. 

OCTOBER 

Mean 

Max. 

Pressure (rib) 

1012.5 

1018.6 

1022.5 

1012.6 

1017.6 

1022.4 

1016.3 

1019.1 

1022.5 

1053.6 

1014.3 

1017.7 

Temperature £“C) 

21.1 

23.8 

26.1 

22.0 

24.1 

27.3 

26.1 

27.8 

29.4 

. 0 

27.3 

29.7 

Relative tirudity (t) 

56.0 

77.0 

95.0 

58.0 

77.0 

95.0 

68. 0 

81.0 

94.0 

64.0 

80.0 

95.0 
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TABLE C-/. ALTIMETER TROPOSPHERIC REFRACTION CORRECTIONS ERRORS BASED ON MONTHLY MEANS 


MONTH 

AREA 

RANGE CORRECTION (m) 
Max/Min Mean 

Meters 

ERROR 

Percent 

January 

392 

2.42/2.27 

2.36 

-.06/.09 

-2. 5/3. 8 

April 

392 

2.43/2.30 

2.38 

-.05/. 08 

-2. 1/3.4 

July 

392 

2.54/2.38 

2.47 

-.07/. 09 

-2. 8/3. 6 

October 

392 

2.51/2.34 

2.42 

-.09/. 12 

-3. 7/5,0 

January 

4S1 

2.56/2.34 

2.45 

-.ll/.ll 

-4. 5/4. 5 

April 

451 

2.56/2.35 

2.47 

-.09/, 12 

-3.6/4. 9 

July 

451 

2.69/2.49 

2.58 

-.11/. 09 

-4.3/3. 5 

October 

451 

2.64/2.41 

2.52 

-.12/. 11 

-4. 8/4.4 

January 

592 

2.64/2.45 

2.54 

-.10/. 09 

-3. 9/3. 5 

April 

592 

2.66/2.45 

2.55 

-.11/. 10 

-4. 3/3.9 

July 

592 

2.71/2.53 

2.62 

-.09/. 09 

-3.4/3. 4 

October 

592 

2.72/2.49 

2.59 

-.13/. 10 

5. 0/3. 9 


ESS =3.9 
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APPENDIX C 

OPERATIONAL AND PERFORMANCE 
DATA 
ON 

WALLOPS AIRCRAFT C-54G 



C.O WALLOPS AIRCRAFT DATA 


C.l C-54G (DOUGLAS PC-4) . 

There are three C-54G aircraft assigned to the Wallops Flight Center. All 
possess the same flight characteristics. The C-54G is a four-engine, low-wing 
monoplane with fully retractable tricycle landing gear. It is powered by four, 
14-cylinder, twin-row, air-cooled Pratt & Whitney R-2000 engines. Each engine 
incorporates an integral single-stage, two-speed super-charger, a Bendix-Stromberg 
pressure-injection carburetor, and a direct-cranking starter. 

The aircraft was designed as a long-range cargo, troop, or personnel trans- 
port. All three aircraft have been variously modified from the basic aircraft 
by the addition of special equipment necessary for specialized missions. The 
C-54G has a standard fuel capacity of 3,540 gallons (21,240 pounds). 

C.1.1 ELECTRICAL POWER . The primary power source for each C-54 aircraft is 
four 28-volt DC generators. Each generator has an output capacity of 300 am- 
peres for a total output capacity of 1,200 amperes. All instrumentation power 
is derived from the primary generators as shown in block diagram form Figure C-l. 
Twenty-eight (28) volt DC power is supplied to the instrumentation racks through 
the 28-volt distribution panel shown in Figure C-2, 

s 

AC instrumentation power is supplied by two 60 Hz and two 400 Hz inverters. 
(See Figure C-l). Each 60 Hz inverter provides single phase, 115-volt AC power 
at 3.0 KVA. Each 400 Hz inverter provides three phase or single phase, 

115-volt AC power at 2.5 KVA. 

C.l. 2 PERFORMANCE . The C-54G at its maximum fuel load of 21,240 pounds can 
carry a cargo of approximately 12,000 pounds. With a fuel load of 3,500 pounds, 
its cargo carrying capacity is increased to 30,000 pounds. The maximum gross 
weight under any circumstances, of the C-54G, is 73,000 pounds. In any mission, 
range and fuel consumption directly determine the fuel which must be carried, 
and indirectly the cargo which can be transported. With the necessary fuel for 
the mission established, cargo loading is variable within the limits established 
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INSTRUMENT COMPARTMENT 


to Cockpit 
Master Swi'tclw 


Aircraft 

k- (-3 Bas 


FLIGHT ENGINEER 
COMPARTMENT 


INVERTER 

»1 

3.0 KVA 
60 Hz 


CIRCUIT 

BREAKER 

BOX 


60 HZ 
INVERTER 
CONTROL 
PANEL 



Figure C-l. lutrumentatioa Power System Block Diagram 
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FRONT PANEL LAYOUT 


Figure C-2. 28-Volt DC Distribution Panel. 
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by Lh°- strength and performance of the aircraft. See Figure C-3, Weight Limita- 
tions Chart, for the maximum cargo weight and usable wing fuel weight. 

As an example, take the case where a range user has 15,000 pounds of equip- 
ment to go aboard the plane. Add to this 4,000 pounds of NASA equipment already 
aboard, then enter the chart with l^.vJOO pounds (Point A), go across to the maxi- 
mum gross weight line (Point B), then down to Point C which shows 13,700 pounds 
of usable wing fuel that can be loaded. Thirteen thousand, seven hundred pounds 
(13,700) of fuel at 1,200 pounds per hour gives approximately 11 hourB of flying 
time. This is, of course, only an approximate figure. The actual base weight 
of the aircraft should be obtained from Flight Operations, Wallops Flight Center. 
See Appendix C.1.5 (Other Data) for additional specifications. 

C.1.3 USES . Two of the C-54s (432 and 438) are equipped with Airborne Search 
Radar Model 9437 and are used mostly for range surveillance while the third (427) 
has been modified to carry active and passive sensor equipment with their con- 
trol, power, and data collecting systems, 

C.1.4 SPACE AVAILABLE/INSTRUMENTATION LOCATIONS . Because the three C-54s have 
various amounts of Wallops equipment aboard, the space available varies. Fig- 
ure C— ^ fihows the Wallops equipment aboard N427NA for a particular mission. 
Eventu 0 ' , , with the exception of radar, all the C-54s will be instrumented 
similar to N427NA. See Section 7.0 of this document for a functional descrip- 
tion of some of the individual items of Wallops instrumentation that will be 

‘ 1 * ( 

used aboard the aircraft. 

C.1.5 OTHER DATA . 

C. 1.5.1 Operational Weight Limitations . Weight, more than any other single 
factor, will determine the capability and performance of this aircraft. If . 
this limitation is exceeded, a loss in tne performance of the aircraft is in- 
evitable and structural failure is quite probable. When the aircraft is loaded 
beyond the established limits, ceiling and range are decreased, control forces 
and stalling speeds become higher, and the rate of climb falls off rapidly as 
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Figure C-3. C-54G Weight Limitations Chart 


21/240 pounds 
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BACKUP. 1 

A Inverter Control (tor Topee untie} 

B Inverter Frequency Monitor 
C ‘lOO Hz Inverter Cootrol/Mcultor 
□ 28 VDC Distribution Panel 

E Lnstrumeii Power Distribution r~j*rol 
F Toper EUtlc Inverter Model 3000GW (master) 

C Topes Static Inverter Model 3000GW (elave] 

H Topes Static Inverter Model 3000GW (slave) 

BACKUP. 2 

A Specific Product* Model SR7 WWV Receiver 

B Electronic Engineering Co. Model Bl2 Time 
Code Generator 

C Tektronix Type EM 503 Oscilloscope 
D Mcleen Engineering Filter Model 2E300C 
E Top* i Static Inverter Model 30OTGW (matter) 

F Toper Static Inverter Model 30Q0GW (alive) 

G Topes Static Inverter Model 3<WOGW (slave) 

B Mclcan Engineering Filter Model 2EB50BC 
I Bendlx Powor/Blower 

BACK MO. 3 

C ERTS Down Converter 
D EATS Receiver and Power Supply (custom) 

RACK MO. < 

C Cobu Electronics Inc. Model RLC 14 Camera Control 
D Control Panel, TV Camera Cobu 3900 
E Control Panel for RF-T Infrared Scanner 



RACK HO- S 

A Airspeed, Clock, and Altitude Indicators 
D Brush Instruments Power Supply 
E Brush Instrument* Mark 200 Chart Recorder 
F Brush Instrument* Preamplifiers 
G Brush Instruments Drive Amplifiers 
H Bend lx Power/Blower 

RACK MO. 6 

D Custom C octroi for AAD'2 infrared Scanner 
G Bendlx Power/ Blower 

BACKUP. 7 

A Hewlett Packard Model 200CDR Wide Rai*e Oscillator 
B Hewlett Packard Model 400DK VTVM 
C Hewlett Packard 5245L Electronic Counter 
E Camera Statloa Control 
F Teklronlx HM 56IA Oscilloscope 

RACK HO. 8 

C Coorac RBC-14 Video Monitor 

D Control Panel for Stabilised Vertical Mounts (not used) 
BACK WO. 9 

D Bendlx Intercom (modified) 

F Beodlx Power/ Blower 

RACK HO. 13 
A Custom Intercom 

BACK MO. » 

A Kennedy Model 1510 Recorder 
RACK MO. 15 
H Bendlx Powor/Blower 

A Ampex FR-1300 Recorder (floor mounted) 

are range users equipment 4 


on Aircraft H427NA (Sheet 2 of 2) 



the maximum gross weight is exceeded. The take-off and landing rolls increase 
appreciably with an increase in gross weight. Likewise, the brakes may become 
insufficient to slow the forward momentum of the aircraft, and the wings will 
become more vulnerable to airloads during maneuvers or flight through turbulent 
air. 


In order that cargo of various sizes may be accommodated, the cargo hold is 
of such proportions that space is not a restrictive factor; consequently, over- 
loading is entirely possible. 


The maximum recommended structural gross weight limitations for normal 
operation are as follows: 

Take-off: 73,000 pounds 

Landing: 63,500 pounds 

Zero Wing Fuel (eight tank 

fuel system): 60,700 pounds 


C. 1.5.2 Dimensions . The principal dimensions of the aircraft are: 


Span: 

Length: 

Length with Radome Nose: 
Height: 

Stabilizer Span: 

Door Dimensions: 

Main Cabin and Cargo Doors: 

Both Doors Open: 

Passenger Door: 

Crew Entrance Door 

Forward Lower Cargo Door: 

Aft Lower Cargo Door: 

Accessories Compartment 
Door: 


117 feet 6 inches 

93 feet 6 inches 

94 feet 6 inches 
27 feet 10 inches 
39 feet 6 inches 


95-3/4 x 67 inches 
48 x 33-1/2 inches 

28- 3/4 x 57-1/4 inches 

29- 3/4 x 36 inches 
29-3/4 x 3§ inches 

23 x 17 inches 
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C.I.5.3 Airspeed Limitations . The major airspeed limitations of the aircraft 
are; 


Maximum. Level Flight: 
Maximum Dive; 

Maximum Gear Down.: 


217 knots 
290 knots 
125 knots 


i 
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APPENDIX D 

SYNOPTIC CODES AND REPORTING FORMATS 


Appendix D contains examples of various synoptic weather codes applicable 
to the Calibration Data Package. Coding instructions explaining the format and 
encoding requirements for meteorological parameters observed, as well as a sample 
of the logs used for entry of this -'ta, are provided for the following synoptic 
weather codes: 

a. Ship’s Weaker Observations (NOAA FORM 72-1) 

b. Marine Coastal Weather Log - Coastal Station (NOAA FORM 72-5a) 

c. Marine Coastal Weather Log - Ship Station (NOAA FORM 72-5b) 


PnucEDrrjG page blank not filmed 


‘-via SWIGSQsy^ 


o 

"J 


N3AA«^A« Jl-I 


t >. DIPMUrMEVt or COMM Ell f£ 

NL*«* ;r|M r. US : ■ _*»*■:♦**’ •» 

• It** .* 


SHIP'S WEATHER OBSERVATIONS 

INTERNATIONAL SHIP WEATHER CODE 
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How to use the information below. 

All necessary tables and explanations are included on 
this cover. The column numbers from the farms inside 
match the aid numbers printed below. Cloud Identification 
photos ora printed on the last three pages of this pad. 

AID SO. 3 

QUADRANT OF GUIDE 


Cede 

Figure 


Location of Ship 


1 

NORTH Laillude, 

EAST Longitude 

3 

5CUTH Latitude, 

EAST Longitude 

5 

SOUTH Latitude, 

WEST Longitude 

? 

NORTH Latitude, 

WEST Longitude 

Clionpp or.o 
1 or ? 

NORTH Latitude. 

0* or 163* 

Choose one 
3 or 5 

SOUTH Latitude, 

Longitude 

C* cv iao* 

Cheese cne 
1 or 3 

Longitude 

EQUATOR, EAST Longitude 

Checso cw? 
5 or 7 

EQUATOR. WEST Longitude 


AID NO. 

7 


AID so. a 

TOTAL CLOUD AMOUNT 


*W 

Cods 

Figur e 


WDJD INDICATOR 
Type of wind repo rted 

Estimated *> METERS PER 

Meaiyrcd try ar.e monster J SECOND 
Estimated 

Measured ty anemometer j 


KNOTS 


Note- t : . 'a. Synaptic reports (Ship and Land) use knots • 
Cede fifurco 3 and 4. 


Code 

Figure 

Cloud Amt . 1 

Code 

Figure 

Cloud Amojnt . 

Eighth a 

. 

Tenths 

— j ‘ 

Eighths ! Tenths 

O 

fk 

0 j 

S 

5 i 

l . 

BiT3ny.Pi 


warn 

■BQBHBEIEOBi 

mm 

HI 

1 

m 


■m 


■QH 

HUH 



J 

i 

n 

CclcRtial deme oh- 
5 cured cr elautl 
am cunt cannot be 
-eiimaicd. 


Vse ’ 7 ’ fer "overcast v»:*h 
L'penings" 


r ^rd w ; 


AID NCH. 3 AND 37 
WIND OR SWELL DIRECTION 


Wind or swell wave direction is reported to 36 points 
of the compaes. *’00 u ts used only for "calm**, "2D" is used 
for true North, Sines the code calls for two figures m Cols. 

Q and 37, prefix a "0" to 0 points or tees.UECtlic figure "pa' 
for d s d w »hen the tfircclicnciswall itmctrcpcrtcdfor soy res- 
scn. Some examples follow 


True 'Useiiicn 
Neares t degree 
315 

314 

4 

3 

DO 

Cslm 


30 point 
Code figure 
32 
31 
35 
01 
03 
00 


NOTE When the wind 
speed ("ff" below) ex- 
ceeds 00 knots, add 50 
to direction. 


AID Nil. 1 0 

WIND SPEED IN KNOTv 


Report wind speed to whole knots using (wo figures. 
If speed is over G3 knots, add 5Q to ”dd" ICol. 3) and re- 
port excess over 100 knots. "CD" ts used for "calm" tor 
ICO knots if "dd" is coded St to 6S). Prefix 1 to B kls with 
a zero. 


vv 


AID NO. II 

PREVAILING VTalEILITT 


"ode 

G^rc 

Visibility Range 
Knuiical mien 

Code 

Figure 

Visibility Range 
!Vau!ira3 miles 

:it> 

Less than fit yds 

9? 

I tu tec? tiur, 2 

u 

fin \ds . U: l r »? v^t; 

9i* 

2 tu lees than D 


2M1 tdfi to ! >4n.Tni . 

*'• 

t to less Mian u'i 

33 

i ftn.iru. ta less Than - * 

3S 

it) to reauiinn?-*) 

'.id 

'.'3n.ni. tolc^s-thars i 

nn 

25 or more 


Jjvw] 


MI) NO. !2 
PRE-ENT WEATHER 


Code F:£nr* ;» IV - 4! 1 *+v preuplta* icn at slup tuw 
( ode Figure* TiC - y Precipitation ix* 

tre highest tudc fipLin? arphtsblc except that * in* 
prcrcrcntt? iatp i! ,: to 4 '* 

Cn - ^3 CHAKC.K UF SMf Pf HI S& PVT Ild’R 

Cede 
V igurc 


V-V 

<i; 

(■2 

"3 


t‘4 


Cloud iIpvp lC'pTr.pnt net observable* 

Cloud* dissolving i>T li^crun^iCg Sc*:??; developed 
Nvt important - ton p/ in sky ccrJiticn 
Clout! * generally farming or iicvrlcpitig 

< *%P tils liT ^T 


<iT 

f'y 


■ smv, tliri:. 

mJua’oU by jiI.TuliO taut chip's Mni.t-r' 

Pry h ZZG 

Vbidcrsprrac! Uupi suspended in air 
EUoamg spray at the statu n 
Jin*! whirls iTi past hour 
r:» pu‘t it rancl <iLrm m s.i£ht paw? tti-ar 

in - :2 i.irHT foc <<vx - 4 r > ren crriTFn fur.i 
;<i 1 i&ht feu v inability more than I r 2 mile. 

in pvrems ■ ■■ ■ — riWiNvotv 

I j V *.'£ tp ■; > than 3-< ft . dec;* T 2 

Apparent visibility within the leg it 2 mile or lens. 
tProvashfrg visibility must he mere than 1,3 nulo.) 


r- 

r* 

■A-» 

w"T7 

% 


















Code 

Figure 

!3 - Ui PHENOMENA NOT AT SHIP 

■ 3 Lightning visible, no thunder 
14 Precipitation In sight, not reaching sea 
23 Precipitation insight. 3 or more miles away 

1 6 Precipitation in sight, within 3 mites 

17 - to THUNDER, SQUALLS. FUNNEL CLOUDS 

17 Thunder, bol no precipitation 

IB StjuaUu (no precipitation] in past hour or now 
ID Fennel clcutl. waterspout, past hour or new 

jo - 2!> PHENOMENA 2N PAST HOUR HUT NOT NOW 

2h Drizzle (not freezing) cr enow grains 
2) Rain (not freezing) "I Ntt 

22 ■'now I fatting 

23 Utxed rain and snow, cr sleet f as 

24 Freezing drizzle or rain J showers 

23 Rain *A Fatting 

2<i Snow or rats and snow mined v aa 

27 Hail cr rain an-1 lialt mixed J s!i ewers 
20 Fog. visibility was ] 12 mile or teas 
23 Thunder with or without precipitation 

'f. ■ 0AaniI33 - "3; PHENOMENA OCCURRING AT SHIP 
NOW 

3ii - S3 1. AND ->T \TICN FIGURES FOR DUST AND SAND 
■'TCRM' DRIFTING AND BLOWING SNOW 


41 - 4< FOG, NOW, VLuIRH ITV 1/3 MILS OR LESS 



Feg fcar,k» 

Feg m patches— • 4! 



tiny 

\ ililTi! 

If? 


Invisible 

4: 

Pea. ins become thinner past hour 

43 

<sa 

Peg. no change past hour 


45 

4r, 

Peg began or thickened pa; 

it hour 

47 

4Ii 

Peg dcponting r*me 


43 


♦Note: apparent visibility witbti. the (eg bank estimated to 
ta 1/2 ciilc or lean hut prevailing vlElhitity at the shlpmay 
ho any Value - 


j ww| Continued from IeR 
50 - 53 DRIZZLE, NOW tSEE ALSO GB AND 69) 
latcrmltler.t Continuous 


50 

Slight drlia'e 

51 

53 

Moderate dr. via 

53 

54 

Heavy drlzzlt 

55 

Slight 


Moderate or Heavy 

50 

Freezing drill* 

57 

58 

Drizzle with rail 

S3 

GO - G3 RAIN. NOW [SEE 30 - 83 FOR SHOWERS) 

Intermittent 

Continuous 

GO 

Slight rain 

01 

02 

Moderate rain 

03 

G4 

Heavy rain 

05 

Slight 


Mode rale cr Heavy 

CO 

Freezing rain 

G7 

C8 

Rain cr drizzle with snow 

03 

70 • 1 

3 SOLID (FROZEN) PRECIPITATION, NOW 

Intermittent 

Continuous 

70 

Slight snow In flakes 

71 

73 

Moderate snow in flakes 

73 

74 

Heavy enew in flakes 

75 

70-w-tre needles 

Snow grains — ** 77 

78 

Isolated staziikc enow crystals 

73 

Ire pellets (including eleett 



80 • 00 SHOWERS (LIQUID OR SOLID! 


Slight 

Mi derate cr 

Heavy 

00 

Rain chcwer 

81 


83 Vic’er.t ram sbowcr(o) 


83 

Shower of ram and snow 

04 

8 j 

Snow shower 

05 

B7 

shower of enow (cr me) pellets 

0B 

87 

Had shower, no thunder 

02 


5tw] Ccnltnued from left 

31 • S4 THUNDER ENDED PAST HOUR 
PREC1FITATICN NOW 

Note; Use 23 if there ta no precipitation now . 

Slight Moderate or Heavy 

SI Rain or rain shower 32 

33 Scow, bail, cr nixed rain and enow 34 

35 Slight or moderate thunderstorm with 
precipitation tut no hall 
0G Same as S3 hut with hail 
37 Heavy thunderstorm with pro eipitatlcn hut 
no hall 

08 Thunderstorm with duet- or candotorm 
S3 Heavy thunderstorm with tail 

AID NO. 13 
PAST WEATHER 

Uce the figure fcelcw which best describes 

f. Tho weather from the last scheduled G-hcurly ob- 
servation op to tin time present weather fw-wj began. 


3- Uscthe highest code figure opplicohle except avoid, 
tf possible, re pc ruing the came westbertypen for "ww'anJ 
"W". 


Code 

Figure 

0 

l 


PAST WEATHER DESCRIPTION 

C.cud cover 1 ,3 cr less throughout period 

changing cloud vuver from mere to less than 1 

cl niiy or vice versa during period 

Cloud cover mere than i 2 thrcugjitut per-.ud 

v:ar.dstcxn, dustsierm cr blowing enow 

Feg or thick luce (visibility t !S nils cr less) 

Drizzle 

Ham 

Sr.ca cr rain end cr-ow 

showerful 

Thunder 





Pfflffl NAL PAGE IS 
PE POOR QUAUty 


pppi AID NCB, 14 AMD PRESSUftE.tNOHS TO MILLIBARS 

* For b?re f mall [ply prvimrt Us IocImj bjU.Uta itt 

m lll tt mri . 


(a. 

OU> 
cals. 
14 IS 

la. 

ccla. 
U 15 

to- 

mh 

cql#, 
14 15 

In. 

mb. 

CDll. 

14 IS 

in. 

mb. 
coin. 
14 IS 

31. SO 

S-tJl 

39. 0Q 

ijm 

28,50 

9 ;md 

S0.00 

lojlSB 

30. 5D 

to; 311 

36, SI 

*!«« 

as.ot 

91134 

19.51 

S 1(93 

33.0; 

lOSt63 

70.il 

lOt 322 

26.32 

«:«3t 

29.02 

9 1837 

29.32 

« 1(17 

30.03 

touts 

70. » 

k>: 313 

ZB. S3 

•i«« 

39. C3 

9 '.Ml 

39.55 

IDiOOO 

30. C3 

lOiltl 

3D, S3 

to; 339 

JIM 

s :«*s 

39. Ot 

S 1134 

39.54 

10I0C3 

30.04 

tO ,173 

3D. 54 

10i 342 

ai.ss 

lists 

23,05 

91637 

38,55. 

IC10C7 

30. D3 

mil?* 

40,55 

10,'34S 

ai w 

iisra 1 

S3.M 

0 *841 

19. SB 

lOftlD 

30.04 

10*179 

30.54 

lot 549 

a >.57 

91873 

23. C7 

91144 

38.57 

10!C!4 

30- err 

ID !iu 

30.57 

10:352 

30.51 

aisrs 

53. CB 

9J646 

1&. SB 

10*017 

30.06 

toltlt 

10.51 

lOiSSB 

21. S3 

a ;'«i 

33.09 

0 jfiSl 

29.53 

10I010 

30.08 

lOllSD 

3D, SB 

10; 339 

IS. C3 

« lets! 

2D. 10 

&:e54 

23. €3 

lOlflJi 

JD.10 

ioiuj 

30.60 

lOi 3(9 

21.61 

olets 

23.11 

9 ! fl?& 

23. a 

iota? 

JB.ll 

|0 * IBS 

30.61 

10l 365 

21.62 

o less' 

39.12 

0?&6i 

29.62 

ioIwo 

30.12 

loisoo 

30.62 

10* 318 

31.63 

9*085! 

23.13 

oisei 

23.63 

I0l034 

3043 

toiaas 

33.63 

10 ► 373 

SI. (4 

9 iS93 

23.14 

oless 

29.61 

io:cj7 

30.14 

lojim 

19(4 

10*376 

as.es 

01702 

30.15 

Q.I7I 

,39.63 

10*041 

30.15 

10*210 

J0.S5 

10-379 

26.CS 

olios 

33.11 

0 1875 

29.65 

10*044 

3040 

10 [313 

30. (S 

10; 313 

iB.67 

9 17C9 

£0,11 

9 ;87B 

33.67 

10*047 

ID. 17 

10 [317 

30.87 

ID; 3*5 

20. CB 

3:712 

2343 

0 ;SS1 

29 .68 

10-051 

3046 

10 *230 

30.66 

10* JM 

26. C5 

0*110 

3349 

o-.eas 

33. CD 

10JC54 

3049 

10 [314 

[30.0 

10; 383 

is.io 

3 *719 

23.33 

D *688 

'i3.7g 

10-650 

30.20 

l&;«7 

10.70 

to; 386 

20.71 

3 *723*123.53 

9 ;B33 

.‘29.21 

IDjCCl 

30,21 

ID J23D 

3D. 71 

IQJ4DO 

D8.72 

0 *720;i20,22 

3;S35 

'29-72 

10;M4 

30.22 

10J334 

30.79 

10:4C3 

aa.73 

0*723 

■50.53 

9[I3B 

'39.73 

10|C58 

30.23 

10:237 

30.73 

IO; 406 

as 74 

0 ‘733 ,20.24 

9 ;GD2 

;J3.74 

>0;CTI 

30.24 

to ;?40 

30.74 

Id; 4IO 

20.75 

3 ;713 

1:3,25 

O ;9C5 

lss.73 

101015 

30. 31 

10 1-44 

30.75 

10; 413 

30 Tfl 

, 0 >720 

33 25 

0 ;0C3 '23.7G 

io;c70 

30.26 

10:347 

30.76 

10; 417 

20.77 

0 ;743 

j39.37 

0 iDia 

S3.77 

io:oa> 

33.27 

io;s5i 

30.77 

to;4JO 

56.70 

0 '740 

,39 38 

0 ;375 

'33.76 

io;ot5 

30.26 

10:254 

30.78 

to; 423 

20.70 

Bl»43jS9,S0 

0 ;oto 

23.70 

io;ofl» 

JO .39 

to;js7 

30.79 

to; 497 

39 63 

0 ;133 

J3D.30 

9 ;G22 

'33.(3 

to ;ogi 

30.30 

10 ssei 

30.(0 

to; 430 

SS 01 

9 ;7S3 

‘23-31 

0 1026 

29.81 

tOICSS 

jo. at 

101264 

30 61 

to: 433 

29- 62 

oieeo 

;Z3.S3 

9 |32D 

23.82 

io;ds8 

30.32 

lOjJEB 

30.22 

101437 

26 B3 

0 :7G3 

S2943 

91033 

29,83 

io:ici 

30.33 

101271 

SO. 11 

I0S440 

2694 

0 :t£6 

|33.re 

0 1938 

]33.§4 

IOJ7C5 

30.34 

10 :374 

30.(4 

tO,' 444 

I*. IS 

0 177C 

S3. 15 

01013 

29. S3 

lOliW 

10.35 

10 1371 

30.25 

10:447 

56.65 

0 i773 

23.21 

9 :su 

•23. 6t 

Lolita 

30.36 

10 53*3 

30.85 

I Oi 450 

2167 

0 1777 

':n.S7 

a ;946 

,39.(3 

10415 

SO.57 

to ;ai« 

30.27 

to: 434 

as. as 

91760 

!33 as 

O ',943 

29.01 

lOlllB 

30.3* 

10:218 

3D. *6 

IO! 457 

30 63 

9 1703 

S3.33 

O 1933 

19.(3 

I01I31 

30.31 

lOiltl 

3D. 10 

10)4(1 

Si.M 

oiin 

t|».43 

o :bs6 

!gs.«o 

10 U 35 

3D. 40 

10:205 

30.10 

to: 4(4 

as. ot 

O ;i3C 

1 19.47 

9 1033 

j33-.es 

' 0 a 1.29 

30.41 

10:201 

30,81 

to: 4*7 

as «a 

9 1783 

13.43 

9 1963 

3042 

ioJiu 

30.42 

10 : aoi 

30.82 

IC't 471 

SI. 93 

D 1737 

tD.43 

&19B3 

.19.91 

10:135 

30.42 

10:305 

10.93 

10*. 474 

t» B4 

s :aco 

:S9.44 

fl 1B7D 

23-94 

toll!* 

30.44 

IDliM 

30.(4 

10:477 

a* »s 

oiace 

531.43 

» :t73 

19.95 

101142 

30.45 

10:312 

30.83 

id 411 

26, C3 

9'ta 

:».4s 

! 9 1076 

[29,81 

10 'iu 

30.48 

10:315 

30.84 

10; 4M 

:t.s? 

9i6J0U23.47 

B *923 

(28.87 

10*140 

30.47 

id: 31 * 

30 . n 

to* 42* 

as es 

I&I814 

US3.4I 

S *666 

iit.ti 

10-lSI 

3D. 41 

10.333 

30.9* 

10; 421 

Ii.*G0 

\0 *617 

1M.4I 

9 *tt 

ht.M 

10.154 

3n.4» 

10:373 

133. t* MCi 414 


MU*i2*r* us thli Ufet* ir* to ttntfcj. dtctaul ocllUfl 



Eh 


AID KO. ID - SEE AID NO. 8 
AMOUNT OF ALE C L (OR IF NONE, ALL C M ) CLOUDS 
Nj, ia coded as "O'* if only high (Ch> elouda are present 


iclICmTChT 

SEE FiiOIui, LAS' 


AID NOS, 20, 22 Abt> 23 


„„„ ST 3 PAGES OF THIS PAD FOR CLOUD IDENTIFI- 

CATION AND CODE FIGURES . ALSOSEE"INTERNATIONAL CLOUD 
ATLAS" 


Ik 


AID NO. 21 - HEIGHT OF LO WEST CLOUD SEEN 


Code 

Figure 


Height 
in feet 


Oto »9 
ISO {o 299 
300 to 509 
6Do to m 
1030 to 1999 
2000 to 3300 


Code 

Figure 


Height 
m feet 


3500 to SOD I 
0C3 3 to E5CD 
CSOOto SC00 

EOOD or hitter cr no clouds 
Height cannot be estimated 


Note: Use ”0" for height when shy Is obscured 


ID- I AID NO. 14 
|J^ S 1 SHIPS TRUE 

Code 

Figure 

True Dir 

Code 

Figure 

True Dir. 

COURSE MADE 
GOOD OVER PAST 3 
HOURS (TO 8 POINTS 
OF COMPASS) 

0 

1 

2 

3 

4 

Shlphcis to 
NE 
E 
SE 

8 . - 

5 

C 1 

7 
b 
Q 

S\V 

V. 

No 

N 

No Info. 

1 V- A™ NO. 25 
S SHIP'S AVG. 

Code 

Figure 

Speed (Kts.) 

' Code 
Flcurt 

Speed (Kta-l 

SPEED MADE 

0 

Ship ctopped 

5 

It to 25 

GOOD OVER PAST 3 

t 

l to S 

G 

1G to 3C 

HOURS 

2 

3 

4 

G to 10 
11 to 15 
if. to in 

7 

8 

31 10 35 
3G to 4C 
Orwr 40 


AID SO. 20 

CtDtRACTER OF PAE35URE CHANGE OVER PAST 3 nOUD3 


Code 

Figure 


Character 


t r? 

4 — 

5 V V 

6 V.V. 
’ \N 
e V v '\ 


Rising. then falling 

Rising, then steady cr rl — tg elcwly 

Rtilcg steadily or cniteadily 

Falling, steady or rising slowly, 

then rising more rapidly 

Steady 

Fatting, (lien rising 
Falling, thensNsady cr falling slowly 
Falling steadily or unsteadily 
Steady, ruing cr falling alowly, 
then falling more taglily 


Net Pressure Change 


Higher cr no change 

Higher 

Higher 

Higher 

No change 

Lower cr no change [ 
Lower 
Lower 
Lower 


0 

1 

U7 




11 


| PPl A JO NO. 27 - NET 3-HOUR PRESSURE CHANGE 

Expressed in milltbare said tenths. For example. a 3-hour pres- 
sure charge cl B Is entered "08" in Cclunu 37 . Pressure changes 
cl 3.0 mb or more require special groups. See observer's hand- 
book. Chapter C. Iasi pars graph for details. 

AID NO. 33 - TENTHS OF AIR TEMPERATURE 
Copy in Column 33 the value entered In Column i? . 

TOT~ AID NO. 35 - PERIOD OF WIND WAVES 

Enter the average wave period In seconds using two figures. 

"CO” Is used tor calm sea; 93 Is used when the sea Is contused and wave 

period cannot be estimated; two al ante (I Pare used forl' > retsslng ". 

AID N&. 33 AN 1 !) 33 

r . J W“W] WA VE 0R SWELL HEIGHTS IN HALF- METERS 
Use Code Figure 03 for a calm sea. When the wave helgbt 
>3 nt* reported for any reason use two slants III) for H w ll ». 

Half-”"' [j Half- j It Halt- 

Meters Feet Keteru 1 Feel Meters Feet I Meters Feet 

Cods . Code j Code I Code 

Figure j J Figure ) Figure | Figure 


T d T d 


cods 
Figure | 

ol 

2 

o-> 

3 

03 

"> 

04 


05 

a 

06 

10 

07 

1 2 

OB 

13 

0!> 

l j 

id 

IG 

j j 

! fl 

12 

2" 

13 

2i 

14 

23 

15 

23 

IG 

2fi 

n 

26 

10 

30 

19 

3i 

20 

21 

TWf 

Code 

Figure 



AID NO. 30 - SWELL PERIOD 


Average 
Period in eec 

5 or less 
6 

7 

8 
3 


Average 
Period in sec 
jo 
11 

13 

14 or more 
Calm or cut 
determined 


AID NO. 30 - DEW POINT ENCODED 

Subtract wet -bulb temperature frem dry-bulb temperature to get "wct-fculb 
depression." Locate nearest depression across top of table and nearest wet- 
bulb temperature down the Bide. Read encoded dew point at intersection of 
wet-tulb temperature row and depression column. More extensive Uhlesare in 
the observers handbook. _ 


W r et-bulb Depression "C 


d 5 “l 


ir» o I in o J in lo 
" n <M one 


o c e |o lo lo 
v tn o o In |e 


56 STl / 
55 56 57 
53 54 55 
S3 S3 54 
51 53 S3 
CO 51 52 

01 CO 51 

02 01 01 

03 02 02 

04 03 03 

05 04 04 
05 06 05 
07 07 0 6 
OB OB 07 
03 00 05 
10 10 03 
U 11 10 

12 13 11 

13 13 12 

14 14 13 

15 15 14 

16 16 15 

17 17 16 

18 18 IS 
10 13 13 
20 20 20 
21 21 31 
23 22 22 

23 23 23 

24 24 24 

25 25 35 

26 26 26 
37 27 27 
3B 26 26 
23 zO 29 

30 30 30 

31 31 31 
32132 32 I 

j 33 ' 33 33 
134,34 34 
135,35135 


03 04 67 63 
61 62 64 66 

53 61 62 64 
57 53 60 62 
56 57 58 60 

54 55 57 58 
53 54 55 56 
52 53 54 55 
51 Si 52 53 

01 CO 51 52 

02 01 01 50 

03 03 02 01 

04 04 03 03 

05 05 04 04 
07 00 06 OS 
0B 07 07 06 

09 03 08 03 

10 10 63 03 
t: li 10 10 

12 12 13 11 

13 13 13 12 
15 14 14 14 
10 15 IS 15 

17 16 16 16 

18 17 17 17 
10 19 10 18 

20 30 10 10 

21 21 21 20 
22 22 22 21 
23 23 23 22 
34 34 24 34 

25 25 25 25 

26 26 26 26 
27 27127 27 
36 28)26 28 

29 20 .29 39 

30 30130 33 

31 31 ,31 31 

32 32 32 32 

33 33 33 33 
i24 34 34 34 


l3 

o 

r^n 

o 

in 

o 

tn 

° 


oj 

CO 

C3 

o 

o 

a 

— 

01 








78 

85 







72 

7(3 

02 






GB 

70 

74 

70 

80 




64 

67 

€3 

72 

77 

64 



62 

63 

65 

GB 

71 

74 

80 

00 

50 

Gl 

62 

64 

66 

69 

72 

70 

57 

58 

50 

G1 

63 

G5 

67 

C9 

55 

56 

57 

5S 

60 

61 

G3 

65 

53 

04 

S3 

56 

57 

5B 

GO 

Gl 

St 

53 

53 

54 

55 

56 

57 

58 

01 

so 

51 

52 

53 

54 

55 

56 

02 

02 

o: 

00 

61 

Si 

52 

53 

04 

€3 

C3 

02 

01 

CD 

SO 

SI 

05 

C5 

04 

C4 

63 

02 

02 

J1 

07 

0G 

CG 

OS 

05 

04 

04 

03 

ca 

GS 

G7 

07 

C3 

05 

05 

C5 

10 

09 

CO 

03 

03 

07 

07 

CS 

n 

n 

10 

io 

C9 

09 

CB 

05 

12 

12 

12 

i: 

11 

to 

10 

10 

34 

13 

13 

13 

12 

12 

11 

11 

15 

15 

14 

14 

14 

13 

)3 

13 

1C 

IG 

16 

15 

IS 

IS 

14 

14 

17 

17 

17 

17 

16 

XG 

16 

15 

10 

10 

18 

16 

1C 

17 

17 

17 

20 

20 

10 

19 

10 

-.4 

10 

18 

31 

21 

20 

20 

20 

20 

10 

J9 

32 

22 

22 

21 

21 

21 

21 

21 

23 

23 

23 

33 

22 

22 

22 

22 

24 

24 

24 

24 

24 

23 

23 

23 

25 

25 

25 

25 

25 

25 

24 

24 

37 

27 

26 

2D 

26 

26 

26 

23 

28 

2B 

27 

27 

37 

27 

27 

27 

20 

20 

20 

26 

28 

28 

28 

28 

30 

30 

30 

30 

20 

29 

29 

20 

31 

31 

31 

31 

31 

30 

30 

30 

32 

32 

32 

32 

32 

32 

31 

31 

33 

33 

33 

33 

33 

33 

33 

22 
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MARINE COASTAL WEATHER LOG . COASTAL STATION 


TABLE 2. t3ETE RMINATION OF VIST) g£ ED BY OBSERVED FITICrt AyTvnw *TA roMUTTrA^ 


*? 


tVdf mamreiturw ipptj when taking cbrmaikm* it Cunt Cwnl am} other roaiUl or otf*Haer Hied ob*erritnv>*[r*. Sh« nol itlcr ihr 
enrrtf* irquirrd pi culumrw b ihrnugh 4 cf the wuihet to* put be obwtnd at titli *UTk«, j rrprennUtm or the Ni ti oruJ <J«inir and 
kirrRwjhrnr Adorns! tjttmf NOkkh will im 4( tqdctJtmimrg which rkment* rath Gallon ihoaldTTTwd. tie will ahoidilaccaeh nation how 
and w here tn tr*=aimi it* wtathrt tmupi and fwtw (■* dupo-e uf eoinplrtTdobartnfeoa forma and Haw ti> chtain nor ob*ctnng »uppJira- 
E*di tfaticn 4nHjId begin. a e»w attm of weather ti>g* *1 the beganlng ol rarh month. 

FORM HEADING ENTKE5 

fntrr the U> hliticn \amr.(21 Station Location (latitude and longitude^, and Of Date (mor'A and year) Ihe form to tiUtiaEy prepared in 
the t locks prcndf ij U'i lhr hr 1 ding. 

COLICS EWrtg.B 

Cohim* I . DATE - Enter <hc calendar diy of mopth (Iced luodsrd time l 

Ca Ajmw 3 , TJ \1E • Enter time followed try ijrae zone indL'itnr ei ifuee prundwl u*ng lhr toeil Srandird Time, it, EET. EOT, f$f, fDT. 
etc. f ntr* time to the T**rrn whole hour wing the 2Uwur cluck miem, eg., I 55 pm. E$T would be er.irrrd 1400 1ST. S IS pm. TST » 
I TOO FST, tie- tierpi for tnttn f.s tout Gtu4 cuiitil Italian* ibetr a m> pmurJjed t.nv d diy for miking cWrotioni. ttawenr* 
coopmUrg Italians *jt rocourigrd to make and rrpoct ante ■ day it 1 coottrercJ tine, or ukrcm r tJur^o in earning wind md weather 
cimditwrj breum* eatmnr or differ UpcfiCinlty from foretaai condiicin* Rrpdar rrpGflLhg 1.5. Coul Guard Italian* wittily tike 3-hm*1y 
u5»tmiicn**t times that corttiporJ 1o Ihe C r w n wi A !ifcin Time* of UD00, 0300, 0600, . . 2100, 

rvlwiw x PRESENT ^ELTHEU ■ Rerord and trarjnu* tV mail prtriier.i wrilhcT c!rmful or ettnenUtcp to twnl ihit bctl deaenhe* 
bul rcr.iltwmaloliKrriilflntirrr. Thrrtpotfibkdenwfitiand icttptiye»hlrrmCef»ifj» teletype tran»m»tan* are luted in Table I in the 
orjerof repotting preform, ^heitwa *rt*thtTttcaienti*re cbtcrrtd cccrtifTTnlly, report enrdawm !□ the icp of the tut fin L 

TABLE t rKraTiTVFAmim ORDEft OF REPORTING fRfffgm 



Teletype Abbrntitton 


Tdtlrp* AkhtA'ii 

1 WATER STOtT 

WATER SPOtT 

1. lUllORSNOWrEliETS 

SP 

Z sqi'AU* 

EOIAU* 

IQ. CTQW 

s 

l IIIlNDERETOilM 

TSTM 

II. RAIN 

R 

A EMlil\GRAl\ 

2R 

18 DRIIZLE 

L 

i Fnmt\GOfU221E 

Zl 

13. HAZE 

H 

t. roo 

F 

lA CLOl'DY 

CL 

7. SMJWSH0WER 

sw 

18 PARTLY CLQIT1Y 

FC 

8, iuinskovEr 

aw 

15. CLEAR 

C 


ALt fa *wre teal Tlctml ■ defined is when thtre u * eudien m^e«e in wind and «n ilftpi tcwerini of tbuds with or wiihovt 
ttK'trn or ttaryica ccr.itiuns 

fjntnm.4, VmCILtTV - nrpnts eishihry nftht«jtrt*l wh^enautiEaf mile whernt uor.t mjr or cure. DrlowoottAle , mihiLly ahaiJd 
be rtprsjri (a the reantf quarter rule. VLaliLtydraoltithrgjraJtttdatJncefrDinanchienTr Oulincbjtft cfLnawncJunrtctlitic* embr 
jryn arsi identified. Wtenstn poaaitlt. ntimitt rtni&Jf hy tse^f object* whu^dii!*nce ts known. 

^hra nnbCitT unci the aamein «!l dirtettorj fram the obwncr, the highest nf ue eammoo is cne4ulf or rvxr of Che hartea circle iheaH 
V atletitd «a the prmiltftg mik!:ty By lhUdef^:tca 1 l^ptt»iilA|rjihjl!Ttorrpcsitfaf thecaadirtcniihowmnFigurtl wocjIJ he three 

rakv 

nCLUEL PFmtMlfUtlflH OF WLEVAnrtG VWgUTT 



(prr*wlr< tinhRi 3 milo> 

wind OJRECTtON AM> STEEO - Bfc4 diJTettan w9) be reported u ten* cf drpee* qe la Ifi peteta of th*ctrtBpu*<N. NNT, 
N'E tNE.rSC.f Eater lhr fcne. nor njapwtie, &rt£cxi from wHch ihe wind u blowing. Report calm wind u CAlAL 

lijJ iperd will be trpctfeJ tn knelt. D the wt»d lacMinuted.TsMe 2 - PETE kMlN ATI QNCF WjND STEED BT OBSERVED EFFECTS 
AM);CaFTACDKDtT10N5. may hewed toeitiaute the liawtw,aa»neiil»e«iM to tWnlaea Included tatheiiUcdonot 

at wrn tenect **M and ware rtUlknwHy- tn (mcM^at* co**Ul area*. 


De»aipti®e 

-HBE. ; 

Knob Mph i 

EUKUOb-nTt4llOu 

f 

Lffoo* OtKfTN on Land 

TnM** 

kmHL 

Ttrl- 

Calm 

tWerl 

InJet 1 I 

Vj Lke mVtTjf. 

Cairo; «mcVe me* rrrticstV 

0 

Light Air 

10 

15 | 

Ripple* with appcanocrcf «k> 4 

Smoke drill mdieatfi wind Arvtiicn : 

u 

Light 

« i 

4-7 | 

Rofoamemta. 

Small wmlet* ; mall dy’sjn 

nnea A> not more. 

W Lnd fell on fa cea; (am mt> • 


Bnrrce 

Gentle | 

j 

T-XD 

6-12 

ippeiranre.rol brraVng. 

Laigtwm kti; rmu begin tn 

nnea begin btaett. 

Lcsrcs, aWall twip tr> amatar.i maCcn ; 1 


Breeae 
Vodmlr j 

1 1-16 

13.18 

break; waUmd whiten p4 
Small win*, hcfcaUng bngtr 

bghl Cag* e a tended. 

OmLlea«*iasdfe»*<papeint*td j 

4 

Brecae 

FreaK 

IT.21 

1W4 

ttumeroua whit rap*, 

MaJmir wiki, taking longer form. 

up: irrull tranche* man 

SmsD tee* tn leaf begin la *wi> 

6 

Breeie ! 

Strong 

2257 

2551 

many whileesp*. tame apny. 
targrr w» »t* faming, wh^rapi 

larpr branch** of {rm m me ten 

to 

Brrtre 

NfvGilr 

2B53 j 

3233 

(mruVtt.cart ijay. 

Sei hajvcp white feazifrem 

whiallinf heard o wtim. 

Whole tee* tn maticn.nMjatacct 

14 

Gjlf 

3WQ 

T)46 

braking wiTrahegirj to be 1 

Llawn tn streaks, 

Moderalilir tigh w*te»or greater 

Irllin miking agtirjl wtnd 
Twtp ritsiUtnniin bokmoff 

1 18 

Strong 

4U7 

4754 

length. edg« cf crtiti bqpn l£» 
break tr-to iptrifJi. foam is j 

Ltz-wn n wtH mnVcd rytik 
lli^j wiTriiiratxg'rj la ro!j. 

frm, gmeanr tmpedrd. 

ICi^il ctrji Ural damage oecvrt. 

23 

Gale 

Storm 

4B-53 

. 

! 5563 

derue aitrakacf foam; apeay may 
reduce iwiklity. 

Very high ware* with evirhanglng 

StLLoss expertnued ontacd: trm 

20 

Violent 

»a58 

64-72 

creiti. wa take* white ippetrrccr 
u form is blawa tn *ery dense 
streaks . roH.-ig u heavy ar.J 
ataiWitT urrfuced. 

Eaptpticiaally high wares; wa cct « tfi 

troken cr Jimcttd . comiienlle 
» trait uni damage ocr^v 

57 

Sturm 

lliericarve 

64-71 

7 «2 

with while Toan patches; rtr.til.lT 
atUirejrt rtdnced. 

Aiv rZfd wijh foaca. 

Very eairfy fipriouTj cm 

| 

1 « 


fohiw fi , STATE QF SEA- Tiff llaiteifthraciahoidJ tertpatSedLy the bright cllhttis^ngwtndwiTTiltnrettlanJiTchaerTtd.ih* 
Aftrtion fro eight petal* or the ecmpuilaad bright (in Tcrtl cT the »wrB it obsemlica tirra-. Vh. tn aepcrtlng the STATE OF FT A l'«ps 
precede it by lhr tRdizilar SEA fallowed ty wind wire height arJ cwril di^ctbni^ be ^.1 if clcrrnrd Exit^plr* (hVr^J warn iwrj 
VESET wdu'J be rrpatttd SEA NPNE 5? T.f 2) wind wana 1 2F7 nnswiTl wrjld be irpcrttd EE A lEJT. 

WAVE JinClIT ■ Tfce fcr^bl of the w-UuJ watts ibauld be ih'eilimaici bright (infcrltbetwtenthr trenail and trtili cllhe ViUfcttnei 
wires list ire ebatmd. WTim ibcicit) aim rr.tr* and «pcn EERO for lhr wirj wives. When ihrrr are CO w|rJ warn Li.t*wt!J acbaerrtd, 
(he wi»t height aha i£4 be er.t errd and rrpeai cd as NONEfc^cwedlt iwtUdintica mdhe^hr 

SWELL DJSEETinN AND 11EI&1U ■ WEft^vcra dutirrtc awtP • Icr^rcHr^watra ihal cccty mdrprr4rr.ll 7 qE tbs bra!> chacmJ w'oJ . 
can be idntbTrtduidsjJe (k* drtrtlon fraio whicdithfiaweButnwLnglat^t pc-zlscllhe crc- J*n arJ che hdgh.i cf Ihe rwt^imfttlKnm 
trough to atiL 

nmoNAi-cotr^y nmtfrg 


CriniftfiJI, £EA WATER TIMrERATIT.E - Tbo»« vuUom twtrjiiei t^trule tea wairr trrtpetatur* tradlip »3rr4J rtcraJ t, Era L> whole 
dcptci TihroAril os Cekroa. Indicate whether tEKperitier t* in CelMu* ty mining a 'C" - alitT the Urpmitae The Ka wiier 
lemperatin traftMalttcd should ilwiya be (receded It S and foils: wed by the texpentae »o> tntatr? if toct^Gcide Ex*»pte JS*E Ei 
repotted a* EJdt. 

CfiisiwiJf AIR TE^fTEIiATlUE • tf irqnlrcd, tr.jw (he all Crtr peril xt 13 whole degrera Tak-rcbe l cr CeUag T=£caie wheihrt 
trmjwraiurt (a <0 C<3^ua (Cl ty erimng a ”t" aHtr the (raperitutt The air trerperalurr tnmaMtUJ AcuU alwiyi be preceded by A and 
faBowtdby lhetr7cpentureaa>in4itai»lftnCcr.:ipsdr. Etimy4e M'CtarepofTrdii A20C 

f4ww _^ I RISSL’RE • Prt«rt chaemtlons ihoukl be erirrrd to the teaml whole mTuharor trr.A of a.y tech. Fee etinpif. a prv w_ "t 
ttuding cf f 0 1 2.6 cia wcuU b* rr peettd *a f 0 1 3 wKSe a reiAng fcf 50.1 A wenid be reported aa S3 1 

fA wa IIX REIHRK5. tW thiacoliann tortcorjl accy addLlIonal data that the oWmylhlidaalpiiEcinl and wiihta tn trpert. Rcmarij 
in plain language tevid deaaibr ice eaodificiia, tzntuua] tidfaertwrD taiaditiowi.bary rv^fil!, aguiEy or atarmy ecs^itio!*, el?. 
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*L MARINE COASTAL WEATHER LOG 

o 

SHIP STATION 

INSTRUCTIONS - NOAA FORM 72-5J> 


WtnrttkMu Coe Ettridi m Marine ComUI Weather Lug - Ship Sutton; Three fculrarttoeu apply when nuking obamationa aboard ttmek 
plrtajc the I a ruaus) water*. AD Wupa are nature ltd lorrcord and report the tofmnwtion required to culamna I through 7 of tkeWealbei 
l« Tr.rrxi ci cofuana B through U ut option d. A3 mnuge* ifculd be aJrntiJVd by Snip !N» ore and Radio Cal 5g». If required, mail the 
cnwplrled MARINE COASTAL WEATHER LOG in the omlopc* provided lathe office whi*h aupp&ea you with obrerratioa mat«iiti and 
forma. 



»x> d 

81 



FORM HEADCMG ENDUES 

Er.in Ibr <1) £5up Nirnc, (2| Radio Qfl Sgn. and (3) Pair (Monty and yrir the fann to initially pnputd) tn block* pro reded tn Lbe 
heading c? rich *h«t 

COLUMN ENTRIES 

Column 1. DATE- Pay of month (Gretrawirli Wean Ttmek 

Column 2. TIME • Ectre the time to the Warm *halt hoer tin.-* lfn* 2 Wjout dockxritrjn.r^u, 1 S5 pan. would hr entered l*,5:J5 Jun. 
u I* «|s. NOTE There u to pmrried tirr^.j dip f«JTTTuk;Ti«chwrYirc<u. Howmr.ahip* are urged to nukr and report at leaat one* a day 
ati time ccnrMttrJ tolhf nbwrrrt onthrmrr rhangra a rnsjin* wt-uj, weather, or vi cwditiuM are ngrufirwllf diffmnl from current 
fcrrc tstt. Remember. a! wars toe! ode il f cw of «b*emtiori et a! 1 1 *b a irporti 

CoJumq 3. POSmON Viw!i anAiing oLmarton* harp the option of report rut thcTpoutioo tofithcr latitude and Esngiradr nrdulmcr 
rod team* from an nfjM:ihrd landmark. if lour ahip La to report in dutar.ee and bearing fwro a landmark, the Nfl AA rrprrwniiti** wil 
rtihrr proridr »on with slot cc rotgrat which nartgatiw; rharti In lire in rirlmmning the landmark* bint to yourreporta, Fetced Ulimde and 
tengijude |o thr nrarol tnu cfaJrym <49.2. W.7* «e. k 

Colunq 4. PRESENT WEATHER Entrr the m»t prevalent weather ehmtntf a) from Table 1 that E»ide*nihe* local condition! Ilia trot 
nrcewury to report more ihu» two wrath rr rVrorota, 

TABLE I. PRKSOTWEATHER IN ORDER QFJtiiTQR'nH G 7 REFERENCE 

lather Dement Ifeathtj EJenn*l VatboOMNl 

1. FlUftiCahr 7. Fog 13, Ram 

2. datef Spout B. Snow Shower 14 Oriole 

3 Squat) 9. Ratoffcowre IS KrttorSmokr 

4 Thundnatom 10, tlii] 16. Goody 

5 Frming Rim It. SnawPefini 17. Pirtty Ootid y 

6l freeing Driiile 12- Same 18. deaf 

Cpton S. VlSlBrtTTV - Report etabilil) Cntheiwamt w hole nautical tnikwhcfe 11 U one talk -or more. Briowonennlr, vidUity *hould 
be reported la lie nra,til qiitzler m.Te. ViiJiCiry deccia the jrtiteeldiiranct from an o&wtret lha! c! known, chiritlrfia tire tin be- 

•cm and identftad. fthrer there itt no identflcafion ctjerta. niaitiEly may be obtained by eifiautiiLf the distance to tba horiaon a ceued ng ca 

T*yrt * 


TABLE 2. KSTAlfCETO HORIZON AT 5EA (NAUTICAL MILES) 


Height of 

DhtHwcto 

Hwgkt of 

Dwlaaroe to 

Oimreatkre Flaifora {FL) 

Hortaun (iaL) 

Obreryvtkw rktforre (Ft.) 

Krerwwe^-A) 

ED 

xa 

25 

. 6.0 

IS 

46 

dO 

* 6.6 

20 


as 

T.l 


The (afaertUEiart to Table 2 abowi that the boritoet Duta an obacrrttioel platform .aboard xlop of Id fret ippun at ■diatafret of 
appmaimattljr 4 eauiiea) mlk*. NOTE If iht hwiitai ta well dcfned with Einie nr na Uaimng. the daibiltr U ptidcr than I be obwmta 
dUUncr lq the bomon: howmr,if (I U Marred and tndialmct. the «i*fc*Kty k about equal to horiMti BhLim* 

The ntUsaZioa of mi bill ty at nigjil, npcdiHy at mi. U eiliemeft dUfleJt- Howeetr, if there M ho otm oua etungr tn toetroeologica] 
condition:, the rlnlnTiy after darii will be Ihe mu u that detmnhwd abort.' y before dark. The development of a Kim aroond a toael'i 
•wrigitiona) 6fSa to frequently ■ gibde to de tenon tiqg tpabiBrn 

Column t WIND DIRECTION AND STEED - Wind «Lretti» will be reported tn una ordegreet t* to 16 pe*itooTlhecoinpam(N. NNt. 
NE.ENE.eit.^ Enber the tnJt, hot ■mgneDe. dire etiohfmm which the wind u blowing. Rrpcet calm wyid aa CAtM 

W„Td apeed wiQ b* rrporl el in knota. If the wind u atim itei. Table 3 ■ DETERMINATION OF WIND SPEED BY OBSERVED EFFECTS 
AND -DR SEA CONDmONS. may be need to catnuK tbe wind. HowmhfasUMdbmH be wed* for tbeTaWmintWed In tb* t»We dpa«t 
alwna itfkct wind and wm ttlitiwiahipa in inwoediitr coaital area*. 


TABLE X DETERMEUTlQrf OF WIND TEED BT OBSERVED EfTECTS Aft WOR SEA CONUrflONS 


DavfiriptJre 

! K«ta 


DVn 

Under l 

Under 1 

Light Air 

IJ 

10 

Ugh! 

4A 

4-7 

Jbwip 



Centk 

MO 

8-12 

Brm< 



kbdrnte 

1Mb 

13-19 

Brrear 

Frah 

1721 

1924 

Bfftif 




22-27 

25-31 

Brefie 



NcarGik 

!W J 

324B 

Gak 

3440 

3946 

Scrong 

4J47 

4754 

Gale 



Stnfm 

48-51 

St63 

Violent 

S663 

6472 

Storm 



Hinrtane 

6471 

7482 


EflrcUOUenraitSea 

Sea the BLirroe. 

Rjpplca with apfcarua of Kile*; 

Bofmtmti. 

SaaH wareleu.-ertjU of glawy 
appemmr, not benMng. 

Large wAirktc;eruU brxih th 
break; Mi(tmd whilrapa. 

Sreatl wrrea, br Corning longer, 
qqmerouawhitetapa. 

Moderate wirca.likiaglongrf farm; 
many whiteeapaiaomeapeay. 

targe? wi eta faraint: whiten pa 
everywhere: more *pnp. 

Sri beapa up; white foam from 
breaking wmi brpiu to be 
U -pwn In atreak*. 

ModmtcJr high ware* of grcalrt 
length, edgea of creata begin to 
break pi to rpindrifhfoam it 
blown in wcCnmuked iireaka. 

ljj[h ki brpnatomll; 
dent a tit ala oT foatt. Ipeay may 
redore riuWitT 

Yrry hijji wavri with errt rfiuipng 
creata: tea takea white appearence 
aa foam U Ucvn In rrrr drnre 
atreaka, ttJjng to fwaty and 
vtailiBtytt reduced. 

Eireptl. - ! fully high warn. »n conrret 
wqdi while foam paither. rmbflty 
•tit more reduced 

Ar r i‘J?d viih r.jtra, 


EJfwrii Q ba rere d bn Land 

Cabn; mwkr nvre i ertrafl y 

Smok* dnft micatm wind direeoen. 
naa da ant mare. 

FM felt on facet, kiimreuile, 

•anre bnpn Co man. 

Learea. cruil twim in conatHt motion: 
tight flimcilmded. 

Out, kiTea, and looae paper retard 
up; •mall t^iechm Vf.cn 

Small trera in leaf begUl tniwav 

La r ter brmthra <J trees tn motion, 
whirling heard in wim 

Whole trera tn mntwn. re*<ar^r 
fell to walking uvnit vnnd 

TWiga and tauE bran: ht» benketr eJT 
trcea: pcopeM gen mOy impeded 


SIi|ht atoldura] damgeoccm. 


Seldom experienced onland.mti 29 

broken or «pt« Jref; cocudrnbk 
•fracture] disugr octua. 


Ve»y rarely raprevrsord on find 


If * apevd todialcr o turd aboard vlup for determining wtnd directcm rod ipi. remember that the direct etaf^g cl the (ndical ?rg. »ta 
appireril wind speed, not trar wind iperd Thrrrfor*. the apeed and worm of the abipranat be tlimliuted frura apparent wtod to cbUto tree 
wtod. Some nJri la rrrrwmbfr when ccererrtin* fromapfairst la tine wind ire fl) True wind dinrttoci a alwaya on the mbk aide m. bet 
farther from lire bow thin the apparent wind direction. (2) When th«e ipparerJ iirctiwi to afl of tbe beam* the tree a peed to greater (ban 
apparenl iprrd i3)h"bm the appirerJI direction ts forward of the beam, ihe true wind u km than ipjwred rperd 

Ce4mui 7. STATE OF SEA - AD that to rrquimS from the dnrfrte-ia anatisute cf the aretafebn^il dwihd wild an! if charred the 
diicaioo and height of awtfk Ware and SwtB hei ^ita ahotdd be reported! to the i tfa ir a t wholt fool. 


The folhnring dcfimlKsnaare uatd to eaplltaint ware part*: 

Crret-Ib^i jwit of ware 1 

Trough - Low pom of ware 1 


Ware Height Verted (LaUnca (rora f^nugh to oni 

Wi k Fmod -Tunc betwtett pa mage of aaaetereire ware dreta 


Wares a the aame aptem rimifly occur to a aequeen of a few Lirgc, wtl) formed hi tea fbfiawtd by an tounal ta which crehr *mi& iM 
pogrly formed wares oerw, ibcti another acTwi cf wtU formed ware*, etc. Obaerem ahcuU drttmw bcigfit orieg wt!y wt 3 formed and 
iartwn I titg poorly C-TUtd Wivra. 

Rluti ibeaea to rtJn 2 .tr.ttr and report mly CALM for wind warta. Rhen Acre art ttu wind wrrt* bci awel] liclsrreod.eutct tod report 
oily the tweU direction (8 potola of com paw) and bdgbl(feeik 

WAVE 1JIICHT - The height of ware* ihpuU be the catimaled hri^l Pp freDbctwreu Caugha rod rtdgro cf wd) formed warm. 

SWELL DIRECTION AND HEIGHT - Wbenerer a diatnet iwtQ -lcetg,roRing wata that more todepraiendy of the loaB robrerrel wind - 
an be idaUiBcd Uw tbrortioa from which tbc'fwtUb trereftog to eight potnta Cf the compare and the height of the aweQfin fart} from trough 
6><rot 

EzkDplea of reporttog STATE CF SEA fea>luan7t 

|. Wmdwarehridit SfrctandanrcONEandbeiduS fert wovid be enjerrd 2 fL, N£ 5 D- and reported SEA 2 ft SWELL HE 5 fL 

2. No windwai*--taNW S fL would he catered ha SWELL eeduMu and reported STOLNVB. 

tr f . . 1 . 

OmOMAL EJfTlUES 

CA*a I. SEA WATER TEMTERATURE - Ofcemti batnieied to etpert au wirrr Irrepmture ahocU rrconl and report I! ia whole 
dtgrem Fahrenheit or Cetoua.Oicck baz at the top of c at bd to Indicate CfCeUtaa) or F (Faltombdl).Nqp tot Icmpoy tun* ahcaJi UnJwdea 

nmu ngn prered tog tempera tux. 

W«aA AIR 7EMF£RATL*RE . CUeiwa InatnKied to reprft »u teroycrerrer ahouUrtoW and report It to whole degree* Fahrenheit 
rr Cckua. CLcd b<» a t the top aJ column to todi cate C ( Cchiua) re F CFabrei^eitb Negttire tem pcestrec dioaOd toebade • mmaa aign- 

CoWns ID. FRESSURE - Fnwtai obrem*i«aa ahould be reported to the sum! whole milkkir or himireA cf Inek far «ar*pJe, a 

readtog of 1CTU mJLbin become* 10 If % lUbeeomre XkHtodrtJ. 

Column ll. REMARKS • tie ikj« cdiiBw to rrcari any *ddltio<to) data the! the obrerecr thinlj wtftilleaA] rod wkhea to record. Itaurt* 
tn plain language could dftqibe fee tareti dona, rewwual twtlT took tton^tMre. heavy ti wf al, am ro il y ayaaRy or it ocmrtt>rwfrbcna.rtt- 
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